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ABSTRACT 
Investigation of an area on the lunar farside has resulted in a 
geologic map, development of a regional stratigraphic sequence, and 
interpretation of surface materials. 
Apollo 15 metric photographs were used in conjunction with 
photogrammetric techniques to produce a base map to which geologic 
units were later added. Geologic units were first delineated on the 
metric photographs and then transferred to the base map. Materials 
were defined and described from selected Lunar Orbiter and Apollo 15 
metric, panoramic, and Has selblad photographs on the basis of dis-
tinctive morphologic characteristics. 
Regional topography in the Sklodowska Region is dominated by 
the large Late Irbrian crater Sklodowska and its asymmetrical ejecta 
blanket. The remaining surface area consists of other crater materi-
als, and terrae and plains materials. 
Large and small craters occur throughout the region and range 
from fresh to totally subdued. From morphologic considerations 
and correlation to both nearside and farside interpretations, most 
crater, terrae, and plains materials are believed to have formed by 
or been modified. by impact and subsequent ejecta' deposition rather than 
by volcanic processes. 
An exception occurs southeast of Sklodowska where the floor
lx 
of an irregularly-shaped Nectarian crater and a broad topographic 
trough have been covered by dark mare material. The mare and some 
associated lighter colored materials .cre extruded along a linear 
fissure. Collapse pits, flow fronts, narrow troughs, and a subsi-
dence bench are associated volcanic structures. 
No conclusive evidence was found to support a lunar structural 
grid. Most lineations are radial or subradial. to large craters, in-
dicating an origin by ejecta gouging or settling of material along 
:fractures related to the impact event. 
The geologic history of this region is interpreted to be similar 
to the history of other cratered highland surfaces on the moon.
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INTRODUCTION 
Purpose and Scope 
The lunar farside has until recently been largely ignored by 
lunar stratigraphers because detailed nearside studies were neces-
sary for the successful completion of the Apollo manned-landing mis-
sions. With the end of Apollo, attention is now shifting to interesting 
farside features. With the exception of farside mapping at a scale of 
1:5,000,000 currently in progress by the U.S. Geological Survey, 
little or no regional mapping has been attempted to determine the 
history and morphologic evolution of large far side areas. 
The purposes of this study are to produce a geologic map of a 
large area on the lunar farside, to determine the stratigraphic se-
quence, and to determine the origin and morphologic evolution of the 
materials present; all are based on interpretations from Apollo 15 
metric and panoramic sterophotographs. The scope is limited to 
the above purposes and to the geographic area described below. 
Location and General Description of Area 
The study area (Fig. 1) centers at approximately 18 0 S and 
96 0 E on the western linb of the lunar farside. It encompasses about 
330, 000 square kilometers and contains a variety of surface materials. 
Occupying the central portion of the map area is the large ter-
 
raced crater Sklodowska and its ejecta deposits. The ejecta partially
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Figure 1. Location of study area showing major features (after 
Lunar Planning Chart, LOC-3, ACIC).
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to totally fills large, older craters near the rim crest, and thins 
outward into a discontinuous deposit at roughly one crater diameter 
from the rim crest. The ejecta is deposited asymmetrically around 
Sklodowska and is marked by radial and subradial lineations, 
gouges, and secondary craters. 
Plains and terrae materials of several ages are common through-
out much of the area. Plains material tends to occupy the lower ele-
vation features, such as broad depressions and the floors of large 
craters; terrae materials occur at higher elevations and have a more 
rugged surface topography. 
A small surface of mare material, located southeast of Skiodow-
ska, partially fills an irregular crater and covers a broad topographic 
depression. The surface of the mare material is pitted with many 
small craters but is otherwise nearly level. Collapse pits, troughs, 
flow-fronts, and pressure ridges are also present; as subsequently 
described these indicate that the mare and associated materials are 
of endogenic origin. 
The area as a whole is characteristic of lunar highland or con-
tinental regions. Craters of all size and age categories are repre-
sented and are responsible for most of the surface topography. 
Crater characteristics with respect to size and age are discussed in 
later sections and in Appendix B.
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Prior Work 
This section presents a brief history of lunar geology and 
stratigraphy and is intended to acquaint the reader with some of the 
major works in various aspects of lunar research. 
General 
A considerable number of articles have been published since 
man first developed.an interest in the moon; the overwhelming ma-
jority of publications appeared since 1960. The obvious reason for 
this recent voluminous outpouring was the advent of the "space age" 
and the United States - U.S.S.R. race to land the first man on the 
lunar surface. Most studies in the early 1960's dealt with specific 
geologic problems, such as the origin of craters, origin of mare 
ridges and rilles, and the nature and thickness of the regolith (lunar 
"soil"). Early lunar science conferences often became battlegrounds 
for the impact-volcanic controversy with respect to the origin, of 
lunar surface features. Symposia volumes from these conferences 
(for example Whipple, 1965) offer an interesting insight to the di-
vergent concepts. 
A stratigraphic approach to lunar mapping was not envisioned 
until the early 1960's when a photo g eologist with the U. S. Geological 
Survey, Robert J. Hackman, mapped three stratigraphic units on 
the nearside -- pre-mare, mare, and post-mare (Hackman and
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Mason, 1961). Meanwhilc, Eugene Shoemaker was mapping the 
Copernicus area at a scale of 1:1, 000, 000. In .a joint publication, 
Shoemaker and Hackman (1962) developed the principles of systematic 
lunar mapping. Although minor changes have been made, their 
system for distinguishing stratigraphic sequence is still in use. A 
comparison of the stratigraphic column of Shoemaker and Hackman 
and the revised column presently accepted is shown below. 
LUNAR STRATIGRAPHIC COLUMN 
Shoemaker and Hackman Revised 
Copernican period Copernican System 
Eratôsthenian period Eratosthenian System 
Procellarian period 
Imbrian period Imbrian System 
pre-Imbrian time
 
 rNecta.rian System 
pre-Imbrian -1
Lpre - Nectaran time 
Prior to the Ranger, Surveyor, and Lunar Orbiter missions 
of the middle 1960's lunar mapping was based on telescopic obser-
vations, as well as considerable ima gination, with remarkably accur- 
ate results. The U.S. Geological Survey publication, "Summary of 
Lunar Stratigraphy -- Telescopic Observations", (Wilhelrns, 1970). 
is an excellent guide to the fundamentals and principles of lunar 
stratigraphy..
Nearly all of the nearside has been mapped by the personnel of 
the Astrogeologic Branch of the U.S. Geologic Survey. Quadrangle 
maps at a scale of 1:1, 000, 000 are most common, although selected 
areas have been mapped at various larger scales. A geologic map 
of the nearside at a scale of 1:5, 000, 000 has also been published 
(Wilhelms and McCauley, 1971). 
For further information regarding lunar geology and related 
subjects, the readers attention is directed to the U. S. Department 
of Interior publication, "Bibliography of the Lunar Surface", (Free-
berg, 1970). It contains over 4500 references to research prior to 
1970 pertaining to the nature of the lunar surface. A great number of 
articles have also been published since 1970 in the various scientific 
journals and in the Apollo Preliminary Science Reports published by 
the National Aeronautics and Space Administration. 
Several books are also recommended as sources of basic in-
formation regarding the study of the moon. These are: R. B. Bald-
win's "The Face of the Moon" (1949) and "The Measure-of the Moon" 
(1963); G. Fielder's "Structure of the Moon's Surface" (1961) and 
"Lunar Geology" (1965); and T.A. Mutch's 'Geology of the Moon --
A Stratigraphic View" (1970). 
Far side 
As previously stated, farside mapping has generally been
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limited to selected craters and other specific features. For example, 
1-lixon (1968) examined a farside crater south of Tsiolkovsky that had 
some associated volcanic landforms; El-Baz (1970) interpreted cer-
tain features in King crater as probably dikes. 
Guest and Murray (1969) conducted a detailed investigation of 
Tsiolkovsky, a large farside crater that is similar in many respects 
to Sklodowska. They concluded that Tsiolkovsky and most of its 
associated features were formed by a single impact event. Erlich and 
others(1970), however, interpret many of the same features as endo-
genic, although their supporting evidence is somewhat weaker than 
that of Guest and Murray. 
Following Apollo 15 and Apollo 16, selected farside features 
became targets for study because of the excellent photographic imagery 
returned by these missions. One such feature is King Crater, a 75 km 
crater having many fresh (young) characteristics while lacking other 
features typical of young craters. Both Howard (1972) and E1-Baz 
(1972) examine the morphology of King Crater and its ejecta deposits 
in detail. Howard interprets the ejccta blanket as material deposited 
following impact; E1-Baz while accepting that some features are 
characteristic of impact, feels that other features and the lack of 
some typical impact features can be explained only by volcanism;
8 
Relative Age Determination 
Crater size/density relationships are commonly used for rela-
tive age determination and are reasonably reliable indicators for 
different stratigraphic units, provided the limits of the method are 
recognized. Several investigators have attempted age dating using 
this technique with various degrees of success (Opik, 1960, Palm 
and Strom, 1963). 
Dodd, Salisbury, and Smalley (1963) used crater frequency on 
various mare surfaces to interpret lunar history, but recognized that 
crater counts maybe complicated by the presence of secondary and 
volcanic craters. Hartmann (1964) recognized that mare formation 
occurred after most of the large craters had formed; that smaller 
craters are preferentially destroyed by the formation of larger craters; 
and that the technique of determining crater densities appeared to be 
a valid indicator of relative age. Further crater counts by Hartmann 
(1967; 1968) and Hartmann and Yale (1968) produced similar results. 
Regardless of their accuracy in determining relative age, crater counts 
are time consuming and often contain considerable bias on the part of 
the investigator. 
Soderblom (1970) developed a technique for rapid age determina-
tion of a lunar surface using interior crater slope angle versus crater 
diameter. Further development of the technique (Soderblom and
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Lebofsky, 1972) and comparison of ages determined by this method to 
those established by stratigraphic . methods, along with comparison to 
absolute dates from returned rock samples (Sodërblom and Boyce, 
1972), have proven the validity of the technique. 
Crater morphology has been used to determine the relative 
age of craters, and to some extent, the units on which the craters 
are superposed. Ages are based on the degree to which a crater has 
been subdued; the basic assumption is that as a crater ages, it becomes 
continually more subdued by younger impacts, ejecta deposition, and 
mass wasting processes. Crustal vibrations and volcanic processes 
may also contribute to the aging process. Trask (1971) assigned 
relative ages to mare surfaces on the basis of the oldest craters 
developed on them. He found that newly formed craters are sharp and 
fresh in appearance; that all craters undergo modification; that smaller 
craters disappear before larger ones; and that for any surface there is 
a critical crater diameter below which craters display, all degrees of 
aging, and above which craters range from fresh to only partly de-
stroyed. Several authors have demonstrated that the limiting dia-
meter increases with time for any given surface (Morris and Shoe-
maker, 1968; Ross 1968; Soderbiorn, 1970). 
A relative age sequence for craters has been developed which 
separates craters into three size classifications as well as into 
numerical morphologic age designations ranging from 0. 0 (oldest)
all 
to 7. 0 (youngest) (Pohn and Offie].d, 1970; Offield and Pohn, 1970). 
They describe the morphologic changes that occur as craters age and 
show that for each size class these changes will vary overall; that is 
the larger craters will take longer to age than the small craters. 
Crater Origin 
The origin of lunar craters has long been a controversial sub-
ject with speculations polarizing either about end ogenic or exogenic 
processes. Most European scientists tend to favor an endogenic on-
gin for craters, basins, and most other lunar materials; that is --
a volcanic origin. American scientists favor an exogenic or impact 
model tempered with a certain amount of volcanism. 
Before systematic mapping was begun, most proponents for 
either hypothesis based their arguments on studies of terrestrial ana-
logs, selecting those features that best supported their personal 
views. While this is still practiced to some extent, greater empha-
sis is now placed on a less subjective approach to determine crater 
origin; this generally uses a stratistical comparison of lunar and 
terrestrial craters. 
One statistical approach applies height-depth ratios to compare 
lunar and terrestrial craters (Pike, 1971b). With few exceptions, 
terrestrial volcanic craters and calderas fall in a separate field 
from normal lunar craters, whereas terrestrial impact and explo-
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sion craters fall within the same limits as normal lunar craters. 
Summit craters on lunar domes were found to have trends similar 
to terrestrial volcanic crater ratios. Depth-diameter relationships 
(Pike, 1971a), rim width-diameter relationships (Pike, 1972), and 
circularity index analyses (Ronca and Salisbury, 1966; Alder and 
Salisbury, 1969) have shown similar results; conclusions generally 
are that most lunar craters were formed as a result of impact explo-
sions rather than by volcanism.
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METHODS 
Mr.rIhn n 1 
Base Map Construction 
Construction of a base map was necessary because no farside 
base maps of the area were available. A workable map was produced 
by means of the radial line plotting technique using slotted templets 
(Spurr, 1948) on Apollo 15 metric camera stereophotographs along 
five adjacent flight lines. 
Principal points, conjugate points, and pass points were marked 
on photographs along each flight line. Slotted metal templets were 
then constructed over each photograph and labeled according to flight 
lines. After all the templets were similarly constructed, they were 
arranged on a sheet of paper and positioned so that matching points 
overlapped. . When the entire set was arranged, the points were 
marked on the underlying paper (Figure 2). Using a Ryker Model 
L- 1 vertical, sketchmaster, points on the photograph were projected 
so they were superimposed on corresponding points on the paper 
and the outline of the surface features were traced, on the base 
sheet (Figure 3). 
The resulting constructed base map has an approximate scale 
of 1:800, 000 (Plate 2 is a reduced version of the base map) slightly 
larger than the desired scale of. 1:1, 000, 000. This enlargement is
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the result of two main factors: 1) a photo scale slightly larger than 
1:1, 000, 000 and 2) a slight enlargement during the transfer process. 
Other error factors affect the geographic positioning of features. 
These factors include lack of ground control necessary to establish 
accurate control points; inconsistancy of the photo scale; curvature 
of the flightlines; distortion toward the edges of the photographs; 
and error inherent in the technique itself. 
In spite of these error factors, the resulting map is reason-
ably accurate and shows the relative positioning of major features 
and lineations; few discrepancies were found when compared to a por-
tion of the Lunar Planning Chart LOC-3 (ACIC, 1971). Enlarged to 
1:1, 000, 000 this map was generously provided by the U. S. Geological 
Survey Astrogeologic Branch in Flagstaff. 
Geologic Map Construction 
Geologic units were delineated on Apollo 15 metric photographs 
and transferred to a base map overlay. Units were divided on the 
basis of morphologic dissimilarities of materials, stratigraphic 
position, overlap and embayment relationships, albedo differences, 
and visual crater density estimations. Several Lunar Orbiter photo-
graphs and two sets of Apollo 15 panoramic stereophotographs were 
also used to assist in geologic mapping and interpretation. 
As nearly as possible, standard U.S. Geological Survey Lunar
7,- '. 11 
Figure 2. Slotted metal templets used to construct the base map. 
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Figure 3. Sketching lunar features with the Ryker Model L- 1 
Vertical Shetchrnaster.
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mapping symbology was followed, with most symbols, colors, and 
unit names taken from existing nearside lunar geologic maps (for 
example: Wilhelms and McCauley, 1971; Scott, 1972; Scott and Pohn, 
1972; and Hodges, 1973). 
Major structural features are included on the geologic map 
(Phate 1); minor lineations, however, are shown on both the base 
map (Plate 2) and the lineation map (Plate 3). 
Construction of Cross-Sections 
Topographic profiles across Sklodowska and several smaller 
craters were provided by Richard J. Pike 'of the U. S. Geological 
Survey Astrogeologic Branch at Menlo Park, California. The profiles 
were originally produced on the U.S. Geological Survey AP /C ana-
lytical steroplotter in Flagstaff, Arizona from Apollo 15 metric camera 
photographs (R. J. Pike, written comm.). Extensions of the Sklodow-
ska profiles were constructed by the writer using a floating-dot paral-
lex bar with an Abrams M'odel'CB-1 steroscope. This technique is 
described in U.S. Geological Survey Professional Paper "Aerial 
Photographs in Geologic Interpretation and Mapping" (Ray, 1960, 
p. 50-55). The resulting profiles have been used for geologic cross-
sections (Plate 1).
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Statistical 
Crater diameters were measured and relative morphologic iues 
were assigned to all craters equal to or larger than 8 km in diamc 
in order to calculate the crater size/frequency relationship within 
the area (i. e. , the cumulative number of craters of a given diameter 
per 106 km) and to evaluate the relative rate of cratering through 
time. A total of 223 craters were measured and assigned a relative 
age (see Appendix C). Craters were also numbered for identification 
purposes. 
Crater Size/Frequency Determination 
Maximum and minimum diameters of each crater were measured 
on Apollo 15 metric (mapping) stere,ophotographs and averaged to 
obtain an average diameter value for each crater. The purpose of 
this procedure was to determine the relationship between the cumula-
tive crater frequency and crater size (diameter), and to compare the 
relationship to similar relationships derived for other lunar areas, 
specifically for several nearside areas examined by Dodd, Salisbury, 
and Smalley (1963). 
The cumulative frequency /diameter data were subjected to a 
least-squares treatment on an IBM 370/145 computer. The relation-
ship is best approximated by the equation: 
F=AD
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where F is the cumulative frequency, D is the crater diameter in 
kilometers and A and B are constants representing the Y-intercept 
and the slope of the regression line respectively. For the Sklodowska 
Region, A4. 628 and B- 1.678. These values are from least squares 
equation estimates obtained by log 10 F=A+B log 10D. 
Data are listed in Appendix C; results and interpretations are 
given in the section "Correlation of Statistical Results". 
Relative Age/Rate of Cratering Determination 
Crater ages were assigned on the basis of morphologic criteria 
as outlined by Pohn and Offield (1970). The classification follows a 
decimal system where 0. 0 represents a totally subdued crater and 
7. 0 represents a newly formed crater. Morphologic ages were di-
vided into seven classes and the number of craters per relative age 
class was determined 1) for all crater sizes and 2) for craters 
in three size categories. The data are located in Appendix C; 
discussion and interpretations are found in the section "Correlation 
of Statistical Results". 
A chi-square test was also performed to test the hypothesis 
(considered the null hypothesis, H 0 ) that "the proportion of craters 
in each relative age class is the same for each crater size class". 
Since visual observations and frequency results indicate that the 
proportions are not equal, the chi-square value should be large and 
H 0 should be rejected.
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STRATIGRAP1-] Y 
Stratigra)hic Implications 
Lunar stratigraphy is an adaptation of principles established 
for terrestrial stratigraphy.. The lunar surface can be thought of 
as a layered sequence of rock units with younger units overlying or 
truncating older units. Although the units are not necessarily corn-
posed of lithified material, they are composed of rock material and 
therefore are considered rock units. Principles of unilormitarianism, 
superposition and lateral continuity are as applicable and essential to 
lunar geology as they are to terrestrial geology. 
Age sequences are determined mainly by crater overlap and 
morphologic differences. As previously observed, younger craters 
'are superposed on older craters or other materials, and younger 
craters are fresh and distinct whereas older craters are more sub-
dued. Additional information regarding relative age differences may 
sometimes be obtained by crater density studies. 
In addition to the systematic treatment, lunar stratigraphic units 
are given descriptive names having no genetic implications (for ex-
ample: crater rim material; terra material; plains material). In-
terpretations are separated from descriptions permitting a more uni-
form system of nomenclature to develop regardless of individual -bias 
to the origin of the materials.
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Correlation to Nearside StrgraPy 
The stratigraphic sequence developed for the nearside is also 
- applicable to the farsidc. One formal change has recently been 
adopted, however: the pre-Imbrian has been divided into pre-Nectar-
ian age (older) and the Nectarian System (younger) (D. E. Wilhelms, 
oral comm. ) based on features that pre-date or post-date the 
Nectaris basin-forming event. An outline of the lunar stratigraphic 
column utilized in this report is shown below, and a brief discussion 
from oldest to youngest about each division follows. 
LUNAR STRATIGRAPHIC COLUMN 
Time-Stratigrpiic Sequence 
Copernican System 
Eratosthenian System 
Imbrian System 
Nectarian System 1 f- pre-Imbrian pre-Nectarian time]
Relative Age 
youngest 
oldest 
Pre-Nectarian craters are extremely subdued and often nearly 
destroyed. They retain few, if any, original characteristics and are 
generally in the form of large circular depressions or basins, such 
as that formed by the crater Curie (Fig. 4). Nectarian craters 
(those younger than the Nectaris basin-forming event but older than
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the Imbrium basin-forming event) are highly subdued but retain a - 
partial rim deposit. The crater Backlund exemplifies Nectarian 
craters (Fig. 5). 
The event that formed the Imbrium basin is the marker for the 
beginning of the Imbrian System, and on the nearside, the base of 
the' Imbrian is defined as the base of the Fra Mauro Formation 
(Wilhelms, 1970). In this study, Imbrian materials are identified by 
comparative morphology and stratigraphic relationships. Imbrian 
craters are moderately subdued and are not greatly modified by 
younger craters. Early Imbrian craters are typified by the crater 
Brunner (Fig. 6); Late Imbrian craters by Sklodowska (Fig. 7). 
The top of the Imbrian System, and therefore the base of the 
Eratosthenian System, is considered to be the time of completion 
of major mare filling of nearside basins; this process is believed to 
have extended over a period of at least. several million years and 
perhaps as long as one billion years (Hartmann, 1967; Ronca, 1971). 
Units in the Eratosthenian System consist mainly of crater 
materials and some localized occurrences of mare material. Era-
tosthenian craters are slightly subdued and retain many of their 
original characteristics. The rim deposits of the crater Eratos-
thenes comprise the type area on the nearside for cater materials 
of the Eratosthenian System. In the research area, Eratosthenian
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Figure 4. Pre-Nectarian crater Curie. Dashed line outlines the 
crater rim crest. Note the subdued, heavily cratered inner 
slopes and outer rim. Curie has a diameter of about 150 km 
(after Apollo 15 metric camera frame AS-15-2636).
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Figure 5. Nectarian crater Backlund. Inner slopes and rim are less 
cratered than for Curie. Backlund has a diameter of 76 km 
(after Lunar Orbiter II frame 196M). 
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Figure 6. Lower Imbrian crater Brunner. Note the relatively Un-
cratered eastern wall and distinct rim crest (after Apollo 15 
metric camera frame AS-l5-1744).
Z4 
Figure 7. Upper Imbrian crater Sklodowska. Note the terraces on 
the inner slopes and the multiple peaks. Sklodowska is about 
130 km in diameter (after Apollo 15 metric camera frame AS-
15-1874).
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craters are typified by Crater E (unofficial name) (Fig. 8). 
The division between the Copernican System- Eratosthenian 
System is somewhat arbitrary but is generally based on the presence 
or absence of bright ray material around fresh craters. Copernican 
cratersare normally fresh or very slightly subdued, but in rugged, 
highlands regions they become slightly subdued and often lose the 
bright ray material. When ray material is absent, age is deter-
mined by the presence or absence of boulders, ejecta flow scarps, 
"dunes" • or other features generally associated with Copernican 
craters. Materials of the Copernican System are typified by depos-
its of the nearside crater Copernicus, for which the system was 
named (Shoemaker and Hackmann, 1962). Craters C and ID (un-
official names) in the research area exemplify Early and Late 
Copernican craters respectively (Fig. 9 and 10). 
On the accompanying geologic map (Plate 1) the complete 
stratigraphic sequence of the research area is correlated by rela-
tive age and units are briefly identified. More complete descrip-
tions and interpretations of the units are given in Appendix B.
Figure 8. Eratostherilan crater "E" (unofficial name). Note the 
subdued floor material. The crater is approximately 17 km 
in diameter (after Apollo 15 panoramic camera frame AS-
15-9720).
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Figure 9. Lower Copernican crater ItciT (unofficial name). Note 
the distinct mounds on the floor material. The crater is 
approximately 16 km in diameter. The rim crest of Skiodow-
ska runs from the lower left of the photograph to the upper 
center (after Apollo 15 panoramic camera frame AS- 15-9985).
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Figure 10. Upper Copernican crater TiflIl (unofficial name). Note 
the ejecta material draped over the rim of Sklodowska at the 
lower right. The crater is 11 km in diameter (after Apollo 15 
Hasselbiad frame AS-15-13190). 
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DISCUSSION AND INTERPRETATION OF LUNAR MATERIALS. 
Based on crater morphology and correlation to findings of pre-
vious investigations, most of the mapped materials, with the exception 
of mare and associated materials, are interpreted as having formed 
by impact explosion and subsequent ejecta deposition. All materials 
are modified to varying degrees by mass wasting and other aging pro-
cesses. To explain the basis for these interpretations, crater mate-
rials, terrae materials and plains materials, and mare material in 
the vicinity of the study area are discussed in some detail. The 
reader's attention , is directed to Plate 1 (Geologic Map) for inspection 
during the following discussion. The reader is also reminded that the 
following discussion concentrates on mapped materials and as such 
irregularly crosses time or stratigraphic units. 
Crater Materials 
Most craters in the Sklodowska vicinity have features generally 
considered to be characteristic of impact explosion structures. Cra-
ters of differing. sizes and ages possess different morphologic charact-
eristics ranging from fresh and distinct for young craters to highly 
subuded for old craters. Distinct units can no longer be recognized 
on old craters; therefore they retain little evidence in support of 
either impact or volcanic origin. Small craters of younger ages 
like-wise do not have distinct deposits, except for extremely fresh
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Copernican craters. On large craters of late Imbrian and younger 
ages, however, these units are usually well preserved. 
Sklodowska and Related Materials 
The Imbrian crater Sklodowska and its ejecta deposits serve as 
an example of the morphology characteristic of large lunar craters. 
Its morphology is similar to, although more subdued than, that of 
Copernicus on the lunar nearside. Various crater dimensions and 
other morphometric properties of Sklodowska and other farside craters 
are shown in Table 1. 
Sklodowska and its deposits are divided into six morphologic 
units: 1) crater peak material; 2.) floor-covering material (sub-
divided into two units of plains material and one unit of terra-like 
material); 3) wall material or inner slope material; 4) hummocky 
rim material; 5) radial rim material; and 6) material of the con-
tinuous secondary crater field. 
Central Peak Material. Sklodowska has two major peaks and several 
small conical mounds in the same general vicinity (see Fig. 7). The 
largest peak is located slightly northeast of the crater center and 
rises about 2 km above the floor-covering material. The smaller 
of the two large peaks is located at the geometric center of the 
crater and stands 1 km above the floor. Neither peak has a visible
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summit crater that would indicate a volcanic origin. 
Crater peaks are common in craters larger. than 20 to 30 km in 
diameter (Wood, 1968). All fresh-appearing craters with a crater 
diameter of 60 km that Wood examined had single or multiple peaks. 
Smith and Sanchez (1973) obtained similar results for 120 fresh 
lunar craters. Although peaks are common, their origin is contro-
versial. Theories include origin by volcanic processes, isostatic 
rebound of the floor, megashatter cone development following impact, 
and some combination of two or more of these processes. Steinberg 
(1968) and Miyamoto (1968) explain most lunar craters and crater 
peaks as volcanoes and related extrusive features. Erlich and 
others (1970) proposed a similar origin for the crater Tsiolkovsky 
and concluded that its central peak was possibly a large extrusive 
dome. Guest and Murray (1969) also did not rule out the possibility 
that Tsiolkovksy's peak was volcanic, even though they concluded that 
the crater was of impact origin. Cohen (1961) suggested that central 
peaks may form as megashatter cones develop at the point of im-
pact. Terrestrial cryptoexplosion structures (generally consi-
dered impact) often have an uplifted central area. Wilshire and 
Howard (1968) believe that the central uplift in the Sierra Madera 
structure in Texas was formed by material moving inward and up-
ward following a meteorite impact. Shatter cones found in the cen-
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In .Shlodowska 1.6 0.4 0.8 300 95 20.6 13.4 0.90 
In Sklodowska . 2.8 - .5 - 1.4 550 125 21.5 14.0 .88 
In Iiirayania 3.5 1.0 - 1.7 500 175 16.2 9.9 .84 
In Curie 4:3 - .9 - 2.1 600 175 15.8 11.0 .64 
In Tsiolkovsky . 4.9 1.0 . - 2.4 950 100 21.3 5.7 .73 
In hubert 6.0 1.0 - 3.0 950 ISO 17.6 8.5 .79 
In Pasteur' 9.9 1.8 2.8 3.6 1100 105 17.2 3.3 .79 
In Sah:a ti 15.7 3.6 9.0 3.4 880 280 14.7 4.4 .80 
In Gapnn 16.0 3.5 10.0 •. 3.0 1350 650 24.2 10.5 - .90 
In Gana r . 17.0 4.5 6.0 5.5 1700 450 17.2 5.7 .89 
In Hilbert 17.0 3.0 - 5.0 6.0 1800 - 400 16.7 7.6 .79 
On western rim 
of Gaprin 26.0 6.0 13.0 6.5 2600 725 21.8 6.9 .86w 
Izk 33.2 7.7 13.0 10.1 3400 1025 18.6 7.6 .86 
Gilbert M . 34.0 5.5 18.0 8.0 3100 850 21.2 8.8 .84 
Gansky 44.0 - 12.0 22.0 11.0 3550 950 17.9 4.5 .78 
South: ofSiha 50.5 133 24.0 13.3 3640 1380 15.4 5.9 .83 
Schorr 53.5 13.0 26.0 13.8 3700 730 15.1 3.2 .77 
Ritz 59.0 15.5 24.0 17.5 3750 1800 12.1 6.6 .71 
King 71.0 17.0 40.0 15.5 3830 1690 13.9 5.7 .80 
Linpmak b 110.0 17.0 60.0 25.0 4370 880 9.9 3.0 .68 
Sklodowska 128.0 - 18.0 . 83.0 22.5 4500 1850 11.3 5.9 .78 
cuieb 158.0 29.0 1(1(1.0 290 3850 1500 7.5 2.9 .73 
hubert 178.0 35.0 125.0 26.5 4100 1500 8.8 2.5 .80 
Tsuolkovsky 190.0 40.0 140.0 25.0 . 4700 1750 10.7 2.5 .83 
Gaga:in t' 275.0 43.0 200.0 37.5 5375 (3350!) 8.2 (4.5?) .79
'Ratio of areas of cliches inscribed and circumscribed on rim-crest outline. 
bOlder appearing craters. - 
Table 1. - Morphometric properties of farside craters (after Pike, 
1973). Craters marked with a dot are present in the Sklodow-
ska Region. 
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tral uplift at Sierra Madera add support to this conslusion (Howard 
and.Offield, 1968). A similar process of central deformation could 
be expected to occur in lunar impact craters. 
Sklodowska's peaks, although somewhat degraded, have no 
visible dikes, flow scarps, summit craters or other features indica-
tive of volcanism. Although some crater peaks may well be volcanic, 
the peaks in Sklodowska, because of their conical shape, central loca-
tion, and lack of volcanic features that confprm to the general exo-
genic pattern typically found in this study, they are believed to re-
present central uplifts and/or megashatter cones that formed upon 
impact of a large extra-lunar mass, or as the immediate reaction 
following such an impact. 
Floor-Covering Material. Two types of plains material and a more 
rugged unit-of hilly and pitted material form the floor of Sklodowska. 
The plains material is divided into a "dark" unit and a "light" unit 
because of a slight albedo change. The dark plains material is less 
pitted and smoother than the light plains material and occurs around 
the central peaks as well as in small patches around the edge of the 
floor. The light plains material is similar to the terra-plains mate-
rial of the .nearside described by several authors (for example: Eggle-
ton, 1965; Wilhehuis and McCauley, 1971; Eggleton and Schaber, 
1972) who interpret such materjal as basin and other large impact
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ejecta deposits. Assuming the ejecta was in a fluid or semi-fluid 
state, it would tend to fill depressions to a nearly uniform surface 
elevation with little material deposited on slopes and topographic 
highs. Stuart-Alexander and Tabor (1972), however, attribute the wide 
dispersion of plains material to a large number of volcanic source. 
areas, the plains material being interpreted as ash and other pyro-
clastic ejecta. 
The light plains material within Sklodowska has no related struc-
tures, such as rilles or fracture systems, that indicate a volcanic 
origin; however, the dark plains material, because of its location 
around the peaks and around the floor margin where faulting and 
fracturing would most likely occur, and because of its similarity to 
mare material, may represent a stage of volcanism. The possibility 
remains that both plains units are mare material, the light plains 
material being slightly older and slightly subdued by a thin coating 
of ejecta material. 
The remainder of the floor is characterized by low conical 
hills, mounds, and shallow, bowl-shaped craters. This material 
is believed to be part of the original flor material that has been 
modified by secondary cratering, mass wasting, and ejecta blanketing. 
Ejecta blanketing is indicated by the shallow form of many small; 
fairly sharp-rimmed craters, this lends support to the above hypo-
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thesis that the light plains are the result of ejecta deposition. 
The floor of Sklodowska has apparently subsided, perhaps ? 
several times, since the formation of the crater as evidenced by dark 
plains material mantling several terrace platforms on the inner slopes 
of the crater (Fig. 11). This suggests at least a moderate time in-
terval between crater formation and the formation of the dark plains 
material followed by final subsidence of the crater floor. The sub-
sidence process possibly was similar to previous terrace develop-
ment by slump faulting as shown on the geologic cross-sections 
(Plate 1). 
Crater Wall Material. The inner slopes of Sklodowska have numer-
ous terraces and corresponding scarps on the eastern and western 
slopes that grade into radially channeled northern and southern slopes. 
The uppermost terrace scarp, occupying the upper one-third of the 
crater wall and completely encircling the crater, is only slightly sub-
dued and has a moderate to high albedo indicating a relatively steep 
slope. The remaining terraces progressively coalesce downsiope 
until the slopes become a mass of rubble at the edge of the crater 
floor.
Terraces are common in craters larger than 10 to 20 km dia-
meter (Quaide and others, 1965; Smith and Sanchez, 1973) and are 
a function of crater size. They are generally believed to be slump
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Figure 11. Plains-covered terrace on the inner slopes of Skiodow-
ska (arrow). Also note terrace scarps (ts) and central peaks 
(cp). The small peak on the left is about 4 to 5 km across 
(after Apollo 15 panoramic camera frame AS-15-9986).
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faults that form as pressure is relieved following the forcible re-
bound uplift created by an impact explosion. 
The uppermost terrace scarp reflects to some extent the poly-
gonal nature of the rim crest; this may represent either regional 
structural control or local control by fracturing events associated 
with the crater formation. The north-south channeling, however, is 
thought to be related to the north-south lineaments described-by 
Fielder (1963) and Strom (1965) for the lunar grid. The presence 
of similar channeling on most large Imbrian and younger farside 
craters supports this view. 
Rim Materials. The ejecta around Sklodowska forms an asymmet-
neal to bilaterally symmetrical pattern. To the north and south the 
deposits are fairly extensive. To the east they are less extensive, 
and to the west they are almost absent. An almost indentical pattern 
found around the crater Tsiolkovsky is attributed to an oblique impact 
(Guest and Murray, 1969). Similar ejecta deposits with zones of 
exclusion" are found around some. Copernican craters. El-Baz (1969), 
discussing ray-excluded zones,. proposed two possible explanations--
the effect of local relief and the trajectory of the impacting mass. 
In the latter case trajecting must be oblique or low angle to cause 
the asymmetry. There is no evidence to indicate a topographic ob-
struction west of Sklodowska to account for the relative absence of
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ejecta material, and therefore, an oblique angle of trajectory is 
favored to explain the ejecta distribution. 
The ejecta is divided into three morphologic units based on 
textural changes in the topography. They are: hummocky rim ma- 
terial, radial rim material, and material of the continuous secondary 
crater field. 
The hummocky rim material constitutes the rim proper; that 
is, the raised portion of the rim that generally extends from the 
rim crest to the major break in slope. For Sklodowska, the hum-
mocky material includes some of the material beyond the break in 
slope because of modification of a portion of the radially textured ma-
terial to resemble the hummocky material. 
The hummocky rim material grades outward into the radial 
rim material, so named because of, its characteristic radial and sub-
radial "striations", grooves, and "V" structures (Also called her-
ringbone patterns). A few secondary craters are also present, but 
they typically take the form of the "V" structures or gouges. 'V" 
structures are V-shaped ridges or craters that are common around 
many fresh craters, such as Aristarchus on the nearside (Fig. 12), 
and have been attributed to secondary cratering by Oberbeck and 
others (19 72 ). Although the "V" structures are poorly preserved 
around Sk].odowska, they are readily identifiable and morphologi-
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Figure 12. structures around the crater Aristarchus, a Coper-
nican crater on the lunar nearside. Aristarchus is 40 km in 
diameter (after Lunar Orbiter IV frame 150-1-13).
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Figure 13. Subdued 1t V l structures north of Sk]odowska. The dis-
tance across the photograph is about 115 km (after Lunar Or-
biter II frame 196-1-13).
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cally similar to those around younger craters as can be seen in 
Figure 13. Lineations or 'striations" take the form of narrow ridges 
and troughs and generally occur in swarms. 
Material of the continuous secondary field consists of closely 
spaced secondary craters and their ejecta material and forms a con-
tinuous unit. For Sklodowska, this unit is found only to the south 
of the crater. Similar secondary craters can be seen to the north, 
but they are considerably more scattered and do not dominate the 
surface topography as do their southern counterparts. The craters 
are all similar in size and shape, generally from 4 to 8 km in dia-
meter and diamond-shaped to elliptical in outline with the elongated 
axis radial or sub-radial to Sklodowska. The reason for the absence 
of this unit to the west, east, and north is not known, however, it may 
be related to an"  oblique angle of impact, because the absence does 
not appear to be related to topographic or structural controls. 
Other secondary craters, crater chains, and gouges are 
scat.ered beyond the continuous ejecta deposit. Some as distant as 
400 km from the rim of Sklodowska are believed 10 be related to 
the formation of the crater. 
The thickness of the ejecta deposit varies in different sectors 
around Sklodowska, but it consistently thins with increasing distance 
from the crater rim crest. Several large craters near the rim crest
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are almost completely filled with rim material whereas several 
slightly larger craters at about the same distance are only partially 
filled. Estimates indicate a thickness for the raised portion of the 
rim of at least 1000 meters with possible thickness's up to 1500 meters. 
With increasing distance from the rim crest, the underlying topo - 
graphy becomes less subdued and eventually begins to dominate the 
surface expression as the covering ejecta thins. The ejecta material 
becomes discontinuous at about one crater diameter (130 km) although 
this distance also varies locally. Furrowing of older crater rims is 
evident where the ejecta no longer completely blankets craters (Fig. 
14); generally such conditions occur on crater walls and rim crests 
facing Sklodowska suggesting erosion by blast ejecta. 
All of the materials forming the ejecta deposit appear to have 
formed contemporaneously or nearly so, supporting a single crater-
forming event rather than several events over a period of time. It 
is entirely possible, however, that impact-induced volcanism may 
have also played a role in modifying the topography of Sklodowska al-
though no conclusive evidence can be found to support this possibility. 
Strom and Fielder (1968) have proposed a multiphase development 
for the nearside crater Tycho. They concluded that considerable 
intervals of time separate the Tycho-forming event from the event 
related to some of its rim deposits; they accounted for this by late 
phase volcanic eruptions. Even if similar eruptions occurred around
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Figure 14. Scalloping and furrowing of crater rims and walls by 
Sklodowska ejecta (arrow). The furrowed crater is 29 km in 
diameter (after Apollo 15 metric camera frame AS15-1878).
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Sklodowska, subsequent modification would now render them unidenti-
fiable. Regardless of later events, the following evidence supports 
an impact origin for Sklodowska: 1) tapering thickness of the ejecta 
blanket with increasing distance from the rim crest; 2) sequence 
of textural materials similar to those around Copernican craters 
that are interpreted as impact structures by most moonologist; 
3) asymmetrical distribution of the ejecta deposits; 4) presence of 
V' structures, secondary craters, crater chains, gouges, and radial 
grooves; 5) furrowing on older crater walls and rim crests; and 
6) age relations suggesting that all ejecta materials and associated 
features were formed essentially simultaneously. 
Materials of Other Selected Craters 
Copernican Crater Materials. Although Sklodowska is the dominant 
feature in the area, there are numerous other craters, especially 
some of the Copernican system which have equally interesting fea-
tures. The following discussion concentrates on two Copernican 
craters, A and B, with somewhat different morphologies. Lists of 
characteristics of craters in each age classification along with type 
examples are given in Appendix B. 
A total of eighteen Copernican craters ranging in size from 
1 km to 25 km in diameter are mapped in this study; smaller rayed 
craters are abundant in the area but are below the limits of the map
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scale. Two craters located southeast ofSklodowska are particularly 
interesting. The first crater (identified as crater A), about 4 km in 
diameter, is extremely fresh and has the characteristic ejecta tex-
tures of impact craters (Fig. 15). Most of the features associated 
with Sklodowska' s ejecta are present; this includes the hummocky 
raised rim, radially textured material, tt\7lI structures, , and secon-
dary craters and crater chains. In addition, features are much 
fresher in appearance around crater A, and blocky ejecta flows, 
braided gouges, boulders, and extensive rays are present. Morpho-
logically it is similar to some of the impact craters discussed by Moore 
(1972), and is believed to represent a typical small impact crater. 
The second crater (identified as crater B) is located approxi-
mately 25 km southeast of crater A (Fig. 16). Ray material from 
crater A is superposed on crater B's rim deposits, and consequently 
is older than crater A. Crater B has few of the typical Copernican 
textures and structures. The raised portion of the rim is not hum-
mocky, but rather is relatively smooth with low, closely spaced con-
centric ridges. To the south and west, this material grades into 
moderately subdued dune structures, most of which are nearly per-
pendicular to the direction of ejecta blast (Fig. 17). The dunes are 
relatively widely space and irregular. Moore observed similar 
structures around Taal volcano following its eruption in 1965. Ac-
__ 4 
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Figure 15. Crater "A" (unofficial name). The crater is 4 km in 
diameter. Note the bright rays with dark streaks near the 
crater rim; fresh, sharp features; secondary craters; and 
striated texture of the rim material (after Apollo 15 Hassel.. 
blad frame AS-15-13181).
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Figure 16. Crater IT B II (unofficial name). The crater is 25 km in dia-
meter. Note the large mound on the crater floor; blocks and 
boulders; lack of bright ray material; and small tension cracks 
concentric to the rim near the rim crest (after Apollo 15 Hassel-
blad frame AS-15-13180).
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cording to his observations, "in the inner half of the area . . . giant 
ripple marks or sand dunes are common . . . oriented at right angles 
to the direction of blast . . .1 (1966, p. 959). He also states that 
"the eruptive clouds followed the contours of the ground, passing up, 
over, and downthe ridges" (loc. cit. , p. 959). 
The floor of crater B is highly irregular; this is unlike most 
other Copernican craters in the area which generally have fairly level 
although sometimes ropey floors. It is characterized by a large, elong-
ated, rounded mound with many small mounds and ridges on the remain-
ing portions of the floor. Large blocky boulders can be seen on the 
floor material, inner slope surfaces, and on the rim material. Inner 
terraces are absent, a rather uncommon although not rare occur-
rence for a crater of this size. In view of the above characteristics, 
crater B may represent a large caldera that formed by a violent vol-
canic explosion. However, lacking more conclusive evidence, such 
as flows or associated cinder cones, an impact origin cannot be ruled 
out. 
Small Irnbrian Craters 
There is also an anomalous population of Imbrian craters smal-
ler than 8 to 10 km surrounding the ejecta deposits of the large Late 
Imbrian craters. The relative absence of these small craters on the 
ejecta deposits suggests one of two possibilities: 1) they are re-
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lated to thelarge craters (i. e. , secondary craters); or 2) they 
pre-date the large craters and are absent due to burial by ejecta 
material. Although a few of the small craters definitely post-date the 
large craters, most are believed to be older. Three lines of evi-
dence support this hypothesis: 1) they are typically circular whereas 
secondary craters of the large craters are mostly elliptical or dia-
mond-shaped with the axis of elongation radial to the parent crater; 
2) they normally occur singly or as doublets, rather than in crater. 
chains; and 3) there is a slight decrease in morphologic age of the 
circular craters with increasing distance from the large craters, 
indicating less influence from the blanketing material. 
The origin of these craters is uncertain, but they may actually 
be secondary craters of distant basin or large crater-forming events. 
Orientale is perhaps the most likely source area; however, craters 
such as Tsiolkovsky may also be considered as potential source 
areas. Further study of these small craters over large areas on 
the farside is suggested to provide additional information concerning 
their origin and possible identification of a source if they aresecon-
dary craters.
Plains and Terrae Materials 
Stratigraphically, the plains material occupies a higher posi-
tion than most terra material; however, terra material generally
occurs at higher elevations. Plains material blankets the floors of 
many large craters and fills many of the topographic lows; terra ma-
terial is most often found around large pre-Imbrian craters. In a few 
localities plains material is beginning to develop on the more level 
areas of the terra. 
Nearside plains material has been described as "light plains 
material", "terra-plains material", and simply "plains material", 
all indicating similar material. Both an impact and a volcanic origin 
have been proposed for plains material. Eggleton and Schaber (1972) 
present a convincing argument supporting the formation of plains ma-
terial (terra-plains) by basin ejecta. They conclude that ". . . each 
basin-forming event produced thick plains deposits in a belt periph-
eral to the continuous ejecta blanket and may have deposited a thinner 
layer in pools over the entire Moon". Head (1972) adds additional 
support by examining small scale deposits similar to those discussed 
by Eggleton and Schaber and concludes that they are impact-asso-
ciated deposits. 
Plains material in the Sklodowska area ranges from Nectarian 
to Late Imbrian in age. The Imbrian plains material is similar to 
the terra-plains material described by Eggleton and Schaber, but 
it is somewhat less cratered and therefore possibly slightly younger. 
Ejecta deposition is a likely mode of origin; the plains material 
"softens" much of the older topography and forms "pools" in depres-
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Figure 17. Dune structure-, to the south and west of crater 'fl" 
(arrow). Crater "A" is located about 30 km northwest of 
"B11 Scale bar = 10 km; north is toward the top (after 
Apollo 15 metric camera frame AS-.15-1964). 
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sions and crater basins. Plains material blankets and partially fills 
small, older craters, giving them a shallow, bowl.- shaped morphology. 
Small hills and remnant crater rim segments o protrude through 
the plains material reflecting the former topogrLphy. 
A highly fluid base surge following a basin- or large crater-
forming event could easily account for the deposition of plains materi-
al, as Eggleton and Schaher propose. Alternative explanations that 
plains material is volcanic ash and other fragmental material de-
posited during an active volcanic stage in lunar history, or that the 
plains material is a degraded mare surface do not sufficiently account 
for its occurrence. The fact that the plains material is rather widely 
and evenly distributed supports an ejecta origin. However, the dark 
plains unit on the floor of Sklodowska, and perhaps even the light plains 
unit, may be mare-like material covered with thin ejecta deposits. 
Terra material is herein interpreted as sequential accumula-
tions of rim deposits from large ancient craters that have been modi-
fied by younger ejecta blanketing and mass wasting processes. Gen-
erally terrae units occur adjacent to one or more pre-Iibrian craters 
(for example, the unit Ntg on the geologic map adjacent to the crater 
Hubert). There is often a gradual decrease in elevation of the 
terra material with increasing distance from the craters. Where 
pre-Imbrian craters are closely spaced, the terra forms a rugged
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intercrater surface with little chnage in average elevation. 
Prior to the return of lunar rock samples by the various Apollo 
missions, terrae units were mostly interpreted as volcanic in origin. 
However, shocked and brecciated rocks return from the Descartes 
Region by Apollo 16 indicate that the highlands surface material, i.e. 
terra material, is mainly of impact origin (Wilshire and others, 1973). 
Mass wasting processes undoubtedly play an important role in 
modifying the appearance of both the plains and terrae materials. 
Slumps, slope creep, and landslides are all apparent on Apollo 15 
Panoramic photographs. These processes are especially active on 
terrae units because of the rugged topography. 
Material mapped as Irnbrian-Nectarian terrac material (INt) 
in the southeast portion of the area resembles some of the near-
side terra-. plains material although it is more rugged, and is thought 
to represent a transitional phase between terra and plains material. 
It is most likely associated with the formation of the multi-ringed 
basin Milne (see Fig. 1), followed by further modification, espe-
cially by secondary cratering, from the Scaliger crater-forming 
event.
Marc and Associated Material 
Marc material is restricted to a small portion of the study 
area southeast of Sklodowska where an irregular Nectarian crater
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and a broad topographic trough have been flooded (Fig. 18). About 
2 4, 800 km of surface area have been covered to varying thicknesses. 
The thickest material partially fills the irregular crater and displays 
characteristics of terrestrial lava lakes. The material in the trough 
is somewhat thinner and forms a thin veneer on the older topography 
in places (Fig. 19). The veneered surface occurs at slightly higher 
elevations than the main trough filling, indicating that lowering of 
the mare surface occurred as the lavas drained to the south. The 
composition of the mare is probably basaltic and similar to near-
side mare rocks returned by several Apollo missions. These have 
been found to be chemically similar to terrestrial basalts (Lunar 
Sample Preliminary Examination Team, 1969, 1971, 1972). Fron-
tal flow scarps, linear troughs, collapse pits, a fissure and a sub-
sidence bench which are present on the mare are analogous to ter-
restrial volcanic features. 
Frontal scarps on the southern trough (Fig. 19) indicate that 
the direction of flow was from the north in the general vicinity of a 
linear fissure 35 km in length. The rim of the fissure is elevated 
above the surrounding surface and has a slightly higher albedo. 
Narrow troughs branching from the fissure cross an Eratosthenian 
terra unit (part of the mare suite) and terminate in small pools of 
mare material (Fig. 20). The fissure is believed to be the source of
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Figure 18. Location of mare material (arrow) to the southeast of 
Sklodowska (after Lunar Orbiter II frame 196-M).
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Figure 19. Southern mare trough. Note the veneered topography 
(v); hurried (b) and breached (br) craters; and flow scarps (f). 
South is toward the top (upper photo after Apollo 15 panoramic 
camera frame AS-15-9959; lower photo after frame AS-15-9961.
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the extruded material with pyroclastic debris forming the raised 
rim. The troughs are interpreted as collapsed lava tubes through 
which material was supplied to the small pools. Collapsed lava 
tubes similar to these are not uncommon in terrestrial volcanic 
regions (a good analogy is given by Murray, 1971). 
Collapse pits (Fig. 20) are evident at several locations as are 
buried and breached craters (Fig. 19). The collapse pits are rim-
less and somewhat irregular in form, and resemble terrestrial collapse 
pits in basalt flows. Buried craters are located by circular depres-
sions formed by differential compaction or draping of the mare basalts 
in pre-mare craters. Craters which had portionsof their rims above 
the highest level attained by the mare material are present as breach-
ed craters. 
A subsidence bench is present around the edge of the material 
which flooded the irregular Nectarian crater. It varies from 1 to 
5 km in width and forms a scarp with an estimated height of 50 to 100 
meters. Benches similar to this are common occurrences where 
pooled lava solidifies on the surface before some of the molten ma-
terial beneath drains hack into the source conduit. A striking example 
is the bench that formed around the lava lake created by the 1959 
eruption of Kilauea Iki volcano (Richter and other, 1970). A com-
parison of the Kilauea 1-ki bench and the mare bench is shown in Fig. 
21.
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The entire mare surface is pitted with small craters; most 
are less than 1 km in diameter and many are clustered. The 
clustered craters are generally shallow and bowl-shaped, often 
slightly elliptical or irregular; they rarely have raised rims. The 
absence of any large impact craters on the mare suggests that the 
material is relatively young; crater density also supports this hypo-
thesis. Using Soderbiom and Lebpfsky's (1973) method of rapid age 
determination, a DL value of 135-185 meters was obtained, giving 
the mare an approximate- age of 1. 5 to 2. 0 X lO years b.p., or 
Eratosthnian in age. Mare material covering the floor of the cra-
ter Tsiolkovsky (a large crater 750 to 800 km East of Sklodowska) 
is believed to be either Late Imbrian (D. E. Wilhelms, oral comm. 
or Eratosthenian (El-Baz and Worden, 1972) in-age. Although the 
mare in this report is higher in albedo than that in Tsiolkovsky, a 
characteristic generally indicative of older age, it is believed to 
be considerably younger. The albedo difference may be the result 
of compositional differences or the result of fine ash deposits on 
the mare surface causing greater reflectivity. 
Two other units are interpreted as part of the mare suite: 
these are Eratosthenian terra material (Et) and Eratosthenian mate-
rial of hills and mounds (Ehm). Terra material adjacent to the lin-
ear fissure slopes away from the fissure toward the southwest for a
Figure 20. Collapse pits (cp) on volcanic terra material. Note also 
the smooth pools of mare material and the narrow troughs (t) 
(after Apollo 15 panoramic camera frame AS-15-9960).
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Figure i  2.1. Comparison of Kilauea Iki lava lake (top) and mare lava 
lake (bottom). Note the subsidence bench around the edge of 
both lakes (top photo after Richter and others, 1970, p. El 1; 
bottom photo after Apollo 15 panoramic camera frame AS-
15-9960).
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distance of about 20 km. Its surface is slightly pitted with small 
craters and has several circular depressions that are interpreted as 
collapse pits. This material is believed to consist of pyroclastic 
debris, ash deposits, and perhaps tuff flows expelled from the fis-
sure.
The second type of material forms fairly large rounded hills 
and mounds on the floor of a nearby crater (lower left corner of 
Fig. 20). The material has a higher albedo than both the . mare and 
the terra material; this may be the result of steeper slopes or compo-
sitional differences. Although no conclusive evidence is present to 
support a volcanic origin for this material, its location near the mare 
and its dissimilarity to impact-associated features indicates an endo-
genic origin, perhaps by upwefling of material from fractures beneath 
the crater floor. Similar material seen on several Lunar Orbiter 
photographs is described by Kosofsky and El-Baz (1970, p. 25 and 
136) as "bulbous" material. 
Lunar volcanic activity is normally associated with basin 
flooding on a large scale. Extruded material at this site, therefore, 
is unusual because no basin structure is apparent. The area is mar-
ginal to Mare Australe, but is not directly related to any of the mare 
filling in Australe; however, the possibility that the mare is a late 
stage eruption site of Australe- related material must be considered.
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Two other possibilities also remain: 1) the mare has been ex-
truded at the site of an ancient, completely modified basin; or 2) 
it is a local extrusion unrelated to any basin structure. Other than 
the presence of an arcuate ridge near the crater Scaliger and the 
fact that the area is regionally depressed, there is little evidence to 
support the hypothesis of an old basin as depicted in Figure 22. A 
local extrusion unrelated to basin filling seems unlikely, but appears 
to be a valid hypqthesis. Further study of the Australe basin and 
the mare material flooding much of the basin is necessary to under-
stand any relationship between the mare in the Sklodowska Region 
and Mare Australe.
Undated Materials 
Several types of material have not been assigned an age, even 
though a maximum age determination is possible. The materials in-
dude undulating floor material (fu), hummocky floor material (fh), 
and landslide material (designated with an arrow to show the direc-
tion of movement). In all locales the materials have sufficiently 
altered the original surface topography to warrant separate map 
names. The maximum age for any of these materials at any given 
location is the age of the crater or other material on which it occurs. 
1-lowever, the time required to modify the original topography is 
unknown. The process is most likely continuous although not
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Figure 22. Arcuate ridge near the crater Scaliger (arrow). Pos-
sible basin structure outlined by dots has a diameter of 212 km 
(after Lunar Orbiter II frame 196-M).
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necessarily equal in intensity through time (landslide material does 
not form by this gradual process, but the age of a landslide need 
he the same as or younger than the material on which it occurs). 
Mass wasting processes are thought to be the principal mech-
anism responsible for the formation of undulating and hummocky 
floor material. Material on the inner crater slopes apparently 
moves downslopc and accumulates on the crater floor while mixing with 
other floor material. Blanketing by fine ejecta material, also affects 
the modification process. 
Slope creep appears to be one of the more active mass wasting 
processes and causes the formation of textured slopes (Fig. 23). 
Trask and Rowan (1967) identify similar slope textures on Lunar 
Orbiter photographs. They form roughly parallel to obliquely inter-
secting ridges and furrows and somewhat resemble terrestrial ter-
raëettes. Patterned or textured slopes are present on all but the 
youngest slopes; the greatest development occurs on older slopes.
IL 
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Figure 23. Textured or patterned slopes. Note the absence of tex-
tures on more level surfaces. The crater near the center is 
3. 5 km in diameter (after Apollo 15 panoramic camera frame 
AS-15-99,45).
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STRUCTURES AND LINEATIONS 
Strom (1964) and Fielder (1963) proposed the existence of a 
moon-wide structural grid pattern based on the results of indepen-
dent nearside linear analyses. Their studies showed three general 
trends of linears, elongated central peaks, and polygonal crater 
rim sections: northeast, northwest, and north-south. A similar 
study by Offield (1966) resulted in only one major trend coincident 
to those of Strom and Fielder, approximately on the north-south axis. 
Little evidence exists in the Sklodowska Region that would 
strongly support a structural grid, although the previously men-
tioned channeling of the north and south inner crater slopes may be 
the result of major but subdued structural control. Most lineations 
are relatively short features usually formed by alternating ridges 
and grooves on the ejecta deposits surrounding large craters. In 
this study, most lineations were associated with the craters Skiodow-
ska, Scaliger, Schorr, and Humboldt (refer to Plate 3). Since most 
of the lineations are radial or sub- radial to these craters, it appears 
that erosion by ejecta gouging is the primary cause of linears. How-
ever, D. J. Scott (pers. comm.) feels that many of the lincars are 
parallel in various segments around the crater and reflect struc-
tural control according to a grid system. Similar parallel fracture 
patterns have been found around Orientale Basin (D. H. Scott, pers. 
comm.).
67 
A linear scarp north of Sklodowska, well over 150 km in length 
and approximately 1 km in height, is a prominent structural feature 
in the region (see Plate 1). Its origin is uncertain, but at least three 
possibilities may be entertained: 1) the scarp may be related to 
the outermost Smythii Basin ring; 2) it may represent a remnant 
terrace scarp, similar to the one in Sklodowska, of an old crater; or 
3) it may be a fault scarp with the relative down-dropped block to 
the west. Some combination of two or more of these possibilities 
could be considered as a fourth hypothesis. 
The southern part of the scarp appears to be definitely related 
to the Smythii Basin ring, in which case the northern part of the 
scarp may be a separate feature and the queried section eliminated. 
This seems to be the most reasonable explanation for the feature 
although it does not account for the northern part of the scarp. The 
other two possibilities are doubtful, since the scarp has a relatively 
fresh appearance that would not be expected for an ancient crater 
terrace. Also, no remnants of such a crater can be found elsewhere, 
although the topography has been considerably altered by cratering 
events. Faulting is also unlikely unless it is related to the Smythii 
basin-forming event.
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CORRELATION OF MORPHOME TRIC PROPERTIES OF CRATERS 
Morphometry is the quantitative study of shape and can be used 
to complement photointerpretation in analyzing lunar craters. 
Pike (1973) examined morphometric properties of twenty-five 
farside craters, including Sklodowska and other craters in the Sklodow-
ska Region (Table 1). When the three rnorphometric criteria of rim 
height/crater diameter, rim height/crater depth, and outer-rim width/ 
diameter for these and other craters in the region (Table 2) are 
plotted on log-log plots (Pike, 1972), the craters are found to follow 
the linear relationship of nearside normal lunar craters and terres-
trial impact and explosion craters, and define a separate field from 
calderas, volcanic cones, and other volcanic landforms (Figs. 24 
to 26).
Pike (loc. cit. , p. 43) states that the linear relationship infers 
that 'two or more sets of phenomena within the same general taxo-
nomic group are said to be geometrically similar -- and are inferred 
to have formed under like physical conditions . . ." The fact that the 
craters in the Sklodowska Region follow the linear relationship for 
impact, explosion, and nearside craters suggests that they are also 
of impact origin. Because most other craters in the region are mor-
phologically similar to those measured, it can he interpreted that 
most craters in the area are of .impact or similar origin.
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Name or 
location
R i,,i 
diameter,  
km
Oti icr roil 
.  scull),, 
km
/100, 
diameter,  
km
Jfl p ier- run 
 it'id i/i 
On
1k it/i • 
Oh
Osi fir- rim 
. Ii rig/i I, 
in
(ii, ci- rim 
slope, 
deg
On icr-rim 
i-lope, 
dry
Circularity" 
In Sklodowska 1.6 0.4 - 0.8 300 95 20.6 13.4 . 0.90 
III Sklodowska 2.8 .5 - - 1.4 550 125 21.5 14.0 .88 
In llii,iyama 3.5 1.0 - 1.7 500 175 16.2 9.9 .84 
In Curie 4.3 .9 - 2.1 600 175 15.8 11.0 .64 
In lsioikovsky 4.9 1.0 - 2.4 950 IOU 21.3 5.7 .73 
In Hilbert 6.0 1.0 - 3.0 950 150 17.6 8.5 .79 
In I';istcur' 9.9 1.8 2.8 3.6 1100 lOS 17.2 3.3 .79 
In Sati a b . 15.7 3.6 9.0 3.4 '880 280 14.7 4.4 .80 
In Gaarin 16.0 3.5 10.0 3.0 - 1350 650 24.2 10.5 , .90 
In Cagarin 17.0 4.5 6.0 5.5 1700 450 17.2 5.7 .89 
In 1010cr) 17.0 3.0 5.0 6.0 1800 400 16.7 7.6 .79 
On western rim 
of Gagarin 26.0 6.0 13.0 6.5 2600 725 21.8 6.9 .86 
Izsak 33.2 7.7 13.0 10.1. 3400 1025 18.6 7.6 .86 
(jJl,crt M 34.0 5.5 18.0 8.0 3100 850 21.2 8.8 .84 
Gansky 44.0 12.0 22.0 11.0 3550 950 17.9 4.5 .78 
South ofSi,a 50.5 13.3 24.0 13.3 3640 1380 I 5.4 5.9 .83 
Schorr 53.5 13.0 26.0 13.8 3700 730 15.1 3.2 .77 
Ritz 59.0 15.5 24.0 17.5 3750 1400 12.1 6.6 .71 
King 71.0 17.0 40.0 15.5 3830 1690 13.9 . 5.7 .80 
Lingeniak 1 111)1) 17.0 60.0 25.0 4370 880 9.9 3.0 .68 
Sklodowska 128.0 . 18.0 . 83.0 22.5 4500 1850 11.3 5.9 .78 
Curie b 158.0 29.0 100.0 29.0 3850 1500 7.5 2.9 .73 
Hilbert 178.0 35.0 125.0 26.5 4100 1500 8.8 2.5 .80 
Tsiolkovsky 190.0 40.0 140.0 25.0 4700 1750 10.7 2.5 .83 
Gagarin b 275.0 43.0 200.0 37.5 5375 (3350!) 8.2 (4.5?) .79
, Ratio of areas of circles inscribed and circumscribed on rim-crest outline.. 
bOlder appearing craters. 
Table 1. Morphometric properties of farside craters (after Pike, 
1973).. Craters marked with a dot are present in the Sklodowska 
Region. 
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Crater Name 
or Location
Crater 
Diameter 
(KM) 
1. Sk1odowska 128.0 
2. Brunner 53.6 
3. Schorr 53.5 
4. Curie* 158. 0 
5. Backlund 76.5 
6. Perelman 53.4. 
7. Ritz* 59.0 
8. ''All 4.7 
9 "B" 24.3 
10. ' I C" 16.1 
11. ''D'' 10.9 
12. "E" 18. 8 
13. 97°E, 10°S 46.6 
14. 88°E, 18 0 S 28.8 
15. 101°E, 18°S 22.0
Outer-Rim 
Width
Rim 
Height
Crater 
Depth 
• (KM) (M) (M) 
18.0 1.850 4500 
14.5 1180 2943 
13.0 730 3700 
29.0 1500 3850 
11.4 1960 2510 
9.1 1040 1900 
15.5 1800 3750 
1.7 275 830 
4.0 830 1810 
3.8 72.0 1900 
2.9 375 1300 
3.8 • 545 2180 
8.0 1020 • 2740 
5.0 • 375 2240 
4. 5 465 1490
16. 101 0 E, •19'S 24.9 4' 5 655 15'U 
* Measurements from Pike, 1973 
Table 2. Morphometric properties for 16 farside craters located in 
the Skiodowska Region. 
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CRATER DIAMETER (Kilometers) 
Figure 24. Plot of Exterior Rim Height/Crater Diameter. 
Figures 24-26 after Pike (1972). Solid line encloses area for normal 
lunar craters, experimental explosion craters, and meteorite 
impact craters; short dashes enclose area of maars and other 
volcanic CXp1OS1Ofl craters; dots enclose area of cinder cones and 
summit craters on lunar domes; long dashes enclose area, of ter-
restrial calderas and volcanic sinks. Large clots are the plots 
of 16 craters from the Skiodowska area (see Table 2).
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Figure 25. Plot of Exterior Rim Height/Crater Depth. 
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CRATER DIAMETER (Kilometers) 
Figure 26. Plot of Exterior Rim Width/Crater Diameter.
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COMPARISON OF STATISTICAL RESULTS 
Statistical analyses performed are for correlation purposes 
only, and are not a major aspect of this study. Results are corn-
pared to previous works or to interpretations based on visual obser-
vations of this study in order to support statements and interpreta-
tions, and are not by themselves conclusive evidence confirming or 
rejecting any hypothesis. 
Crater Size/Fr ion 
Dodd, Salisbury, and Smalley (1963) determined crater size/ 
cumulative frequency relationships for ten areas on the nearside in 
an attempt to interpret relative age sequences for various units. The 
following Table lists their calculated values for A and B in the cqua-
B tion: F = AD , where F is the cumulative number of craters per 
6 2 10 km , Di s  the crater diameter, A is the Y-intercept, and B is 
the slope of the regression line. Values of A and B calculated for 
the Sklodowska Region are listed at the bottom of the Table. 
As can be seen in the table, values of A and B derived for the 
Sklodowska Region are similar to those found by Dodd, Salisbury, 
and Smalley for the nearside Central Crater Province, an old, 
highly cratered surface. Although the value of B is less for the 
Sklodowska Region, the two slopes are essentially parallel (Fig. 27);
^D 101
It1 
1000 
1. 1 100 
CRATER DIAMETER (km) 
Figure 27. Cumulative crater frequency as a function of crater dia-
meter. Data and computed curve for the Slclodowska Region. 
(SR) are shown as are computed curves, after Dodd, Salisbury 
and Smalley (1963), for Marc Frigoris (MF) and the Central 
Crater Province (CCP).
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AREA A B(1og10) R2 
Mare Frigoris 1299.0 -1. 545 0.969 
Marc Serenitatis 641.7 -1.707 0.977 
Light portion 561.6 -1.702 0.959 
Dark portion 581.2 -I. 535 0.939 
Northern Mare Imbrium 1, 172. 6 -1.776 0. 985 
Appenninian debris 9,661.8 -2.103 0.989 
Central Crater Province 49, 687.0 -2.085 0. 943 
Ptolemaeus 5,072.3 -2.188 0.961. 
NE of Copernicus 488,317.0 -4.804 0.956 
SE of Copernicus 439,110.0 -4.629 0.918 
Sklodowska Region 42,490.0 -1.678 0. 967
the slightly lower value of A may indicate that the Sklodowska Region 
is slightly younger than the Central Crater Prqvince. If this age 
difference is real, it may be the result of rejuvenation of much of 
the surface in the Sklodowska Region by the deposition of ejecta 
material from Sklodowska and other Late Imbrian craters in or near 
the area. Mare Frigoris represents the nearside maria 'on Figure 27 
and demonstrates the use of the frequency/ diameter relationship to 
determine relative ages; that is, the rather large shift of the line 
for Mare Frigoris to the left indicates that it is considerbly younger 
than either the Central Crater Province or the Sklodowska Region. 
Relative Age/Rate of Craterin2 Determination 
Visual observations of the craters in the Sklodowska region. 
agree with Hartmann's conclusions (Hartmann, 1966) that cratcring 
was more intense during the early stages, of lunar history than in the 
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later stages, i. e. , prior to basin filling by mare basalts. Basin 
tilling occurred roughly 3. 5 billion years b. p., and most mare 
units are mapped as Imbrian in age (Wilhelms and McCauley, 1971). 
Therefore it can be reasoned that most craters were formed by 3.5 
billion years b. p. , or by Middle Imbrian. Assuming this hypothesis 
is correct, then there should be a noticeable decline in the number 
of craters in the young relative morphologic age classes. 
Three main points-have' resulted from this aspect of the study: 
1) there has been a decline in the rate of cratering through lunar 
history and most of the craters were formed by a relative morphologic 
age of 4. 0; 2) the overall average size of the craters has decreased 
through lunar time; and 3) morphologic age can be correlated to 
stratigraphic age. 
All craters larger than 8 km in diameter were given a morpho-
logic age and the number of craters in each of seven relative age 
classes (see Appendix C) were calculated. Figure 28 shows the per-
centage of craters greater than 8 km in diameter in each relative 
morphologic age class, and indicates that the great majority (over 
84%) are older than an age of 4. 0; that is, most craters had formed 
by a relative age of 4. 0, and the rate of cratering declined sharply 
after that time. Figures 29 to 31 devide the craters into three 
size categories and show the tendency for small craters to be rela-
U) 
H
30 
H 
4U
0 
0
ic
78 
u-i i- )_Lf Lk_D -o 
RELATIVE MORPHOLOGIC AGE 
Figure 28. Percentage of craters of all diameters (greater than 
8 kin) in each relative morphologic age class.
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Figure 29. Percentage of craters 8-20 kilometers in diameter in 
each relative morphologic age class. 
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RELATIVE MORPHOLOGIC AGE 
Figure 30. Percentage of craters 20-45 kilometers in diameter in 
each relative morphologic age class. 
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RELATIVE MORPHOLOGIC AGE 
Figure 31. Percentage of scraters greater than 45 kilometers in 
diameter in each relative morphologic age class.
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tively young and the larger craters to be relatively old. Therefore, 
not only has the rate of cratering declined through time, but also 
the size of the impacting mass and therefore the crater size de-
creased. 
Baldwin (1974) concludes that the moon accreted from planet-
esimals, that most of the earliest planetesimals were very small, 
and that larger planetesimals, such as those that formed the large 
basins, impacted late in pre-mare time; that is, there was a gradual 
increase in the average size of the masses impacting on the lunar 
surface in pre-mare time. These conclusions appear to conflict 
with the statistical results above; however, Baldwin works with crater 
sizes below 8 km in diameter as well as those above, and is concerned 
mainly with pre-mare basins. It is not suggested in this report that 
large numbers of small craters did not form during pre-mare time, 
but rather that 1) the original number of craters has been vastly 
reduced because of destruction by younger events and 2) when con-
sidering both pre- and post-mare craters, the larger craters tend 
to be older than the smaller craters. 
The destruction of early-formed craters is also indicated by 
the decline in crater frequency for the older morphologic ages (0. 0 
to 3. 0), since the frequency should increase if cratering was intense 
in early lunar time. Although this could be used as evidence against
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early intense cratering, Hartmann (196.6), and various authors since, 
have presented convincing evidence in support of early intense 
C rate ring 
The morphologic age of craters and the stratigraphic age can 
be correlated by determining the morphologic age range for craters 
in each time -stratigraphic division (on the geologic map) as shown in 
Figure 32. Using this method of correlating morphologic and strati-
graphic ages, it can again be estimated that the rate of cratering 
drastically declined after a morphologic age of 4. 0, although several 
large craters that formed later, such as Sklodowska, Schorr, and 
Scaliger. (ages 4. 5, 4. 5 and 5. 0 respectively), considerably modify 
the surface topography. 
A chi-square test was also performed to test whether the null 
hypothesis, H0 , stated as t ithe proportion of craters in each age 
class is the same for each crater size class", is to be accepted or 
rejected. 
Chi-square is expressed by the following simplified equation: 
% 2 (Y-E)2 . 
where Y is the observ'ed value and E is the expected value. The 
following chi-square contingency table lists the observed and expected 
values used to determine chi-square. Expected values are derived by 
the following equation:
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E RC N 
where R is the total number of observations in a row, C is the total 
number of observations in a column, and n is the sample size ( 
total number of craters = 223). For a complete discussion of the 
chi-square procedure, the reader is referred to Huntsberger (1967), 
p. 240-245. 
CHI-SQUARE CONTINGENCY TABLE 
Crater Size Relative Morphologic Age  
• Classes 1&2 Class 3 Classes 4 above Total 
Y E Y E Y E Y 
Rank 1 2 13.8 44 47.7 94 78.8 140 
(8-20 km) 
Rank 2 11 6.1 23 .21. 1 28 .34.8 62 
• (20-45 km) 
Rank 9 2.1 9 7.2. 3. 11.8 21 
(45 km)  
TOTAL Y 22 76 125 1 223
Solving the equation for chi-square with 4 degrees of freedom, 
a value of 48. 56 is obtained. . Chi-square at the 1% confidence level 
and 4 degrees of freedom 13.28 (Rohlf and Sokal, 1969, p. 165). 
Therefore, since 48. 56 is much greater than 13. 28, H is rejected 
and it is determined that the proportion of craters in each relative 
age class is not the same for each crater size. More specifically, 
there are fewer young craters for large crater sizes and fewer old 
craters for small crater sizes. These results agree with visual 
observations and with the interpretations of the histograms in 
Figures 28 and 31. 
In a further test of the relative age/crater diameter relation-
ship, a weak but significant negative correlation (-0.45118) was 
obtained for log age vs. log diameter. This again indicates that 
there is a tendency for the large craters to be older than the small 
craters.
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GEOLOGIC HISTORY 
The geologic history of this region can be reconstructed on 
the basis of stratigraphic relationships, superposed and subjacent 
craters, crater morphology, and correlation to previous interpreta-
tions, especially those pertaining to continental highlands such as 
are found in the southern hemisphere of the nearside. 
A period of intense cratering during the early stages of lunar 
history, as recognized by Kuiper (1954) and Hartmann (1965;1966), 
is evident in the Sklodowska Region. Relatively closely-spaced, 
large pre-Nectarian craters form the "background" topography. 
These craters are abundant for diameters between 30 and 150 km. 
Because of their relative old age and erosion by younger events, 
pre-Nectarian craters do not display mappable rim deposits. 
Nectarian craters are also relatively abundant, although the 
range in diameter is slightly lower. They are often superposed on 
pre-Nectarian craters, and their ejecta deposits form plains mate-
rial on the floors of some large pre-Nectarian craters. 
Craters less than 10 km in diameter are absent for pre-Nectar-
ian and Nectarián ages. It is assumed that they were also abundant 
but have been preferentially destroyed by younger impacts and ejecta 
blanketing. 
Imbrian events were less catastrophic than previous episodes;
88 
early Imbrian craters decrease in abundance and again in size range. 
Ejecta from these craters added substantial amounts of material 
to the developing terrae and plains units, and probably caused the 
destruction of most of the pre-Imbrian craters smaller than 10 km. 
Cratering descreased substantially by Late Imbrian as evidenced 
by the low density of Late Imbrian craters. However, the ejecta de-
posits of large craters, such as Sklodowska, Scaliger, and Humboldt, 
caused extensive modification of the former topography. Additional 
plains units, formed about this same time, are thought to be the re-
suit of deposition of material ejected from these large craters in the 
form of a base surge. 
The rate of cratering continued to decline through Eratosthenian 
and Copernican time. Craters of both ages have caused little modi-
fication of the surface except on a local scale. Small, bright haloed 
Copernican craters dot the surface on all but the steepest slopes where 
theyhave been quickly eroded and destroyed by down-slope movement 
of material. 
Extrusion of the mare suite occurred during Middle to Late 
Eratosthenian along a linear fissure. It is unknown whether the ex-
trusion is related to mare-filling of Mare Australe or whether it is 
an isolated tectonic-volcanic event. 
Slope creep, slumping, and other gravity driven erosion, trans-
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portation, and deposition processes were operative throughout lunar 
history, continually destroying small craters and slowly mod , ifying 
large craters. Other processes acting to modify and subdue the 
topography include meteorite and micrometeorite impacts, ejecta 
deposition (blanketing), seismic shock, and limited volcanic activity.
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SUMMARY 
The Sklodowska Region has a history similar to other cratered 
regions of the moon. Statistical and morphologic criteria indicate 
that most of the surface materials were formed by impact and were 
later modified by younger impacts and other erosion processes. 
Volcanism was not an active process in the region except for a small 
area where a suite of volcanic materials were expelled along a fis-
sure. Regional structural control of lineations is possible, but no 
conclusive evidence was found to support a lunar grid fracture system. 
Most lineations appear to be the result of ejecta gouging of the uncon-
solidated surface material caused by material ejected during large 
impacts. Mass wasting processes, ejecta blanketing, and meteorite 
and micrometeorite impacts have continually modified the surface; 
mass wasting and micrometeorite impact erosion are probably still 
active.
at
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APPENDIX A 
Photographic Data 
Selected photographs from Lunar Orbiter and Apollo missions 
were used for mapping and interpretive purposes. Plate 4 defines 
the areas covered by the various types of imagery. 
In this appendix, the uses of each type of photograph are dis-
cussed followed by an index of frame numbers and other pertinent 
data. 
Lunar Orbiter Photographs 
Lunar Orbiter photographic coverage is limited to four images, 
three high resolution and one medium resolution photographs. The 
high resolution frames were used to interpret and describe some sur-
face materials. The medium resolution frame was used mainly for 
geographic orientation and visualization of geologic relationships. 
Apollo 15 Photographs 
Metric Camera Photographs. -- Six flight lines of metric camera 
sterephotographs were used for construction of the base map, for 
geologic mapping, and for description and interpretation of geologic 
units. Forward overlap of the photographs is about 60%; side overlap 
is about 10-15%. The quality of the frames is excellent with a maxi-
mum resolution of about. 100-200 meters.
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Panoramic Camera Photographs -- Panoramic camera stereo-
photographs were mainly used to refine descriptions and to check 
interpretations derived from metric photographs. Extremely fine 
detail is visible on these images which have a maximum resolution 
of 2-20 meters. They are also valuable for identifying and inter-
preting small structures and textures. 
70 mm.Hasselhlad Photographs -- Selected 70 mm Hãsselblad 
frames (negative film) were obtained for illustrative purposes and 
to assist in the interpretation of certain materials. Maximum resolu-
tion is similar to that of the Panoramic photographs. 
*Additional information regarding Apollo Mission photographs 
and photographic instruments is available from the National Space 
Science Data Center, Greenbelt, Maryland. Further information on 
Apollo 15 photographs is available in Apollo 15 Lunar Photography 
Data User's Note (NSSDC, 1972).
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METRIC CAMERA PHOTOGRAPHS 
All frame numbers preceeded by AS-15-(Rev)- 
Frame Rev. Coordinates of Prin. Pt. Sun Elev. (°) Spacecraft 
It Lat. Long. Prin. Pt. Alt. (km) 
1595 38 -13.0 100.3 44.7 - 118.4 
1596 -12.5 99.1 46.0 118.5 
1597 -12.0 97.9 47.2 118.5 
159 -11.5 96.7 48.5 118.6 
1599 -11.0 95.5 49.7 118.7 
1600 -10.5 94.3 51.0 118.8 
1601 -10.0 93.1 52.2 118.9 
1602 - 9.5 92.0 53.5 118.9 
1603 - 9.0. 90.8 54.7 118.9 
1736 44 -15.3 100.2 38.5 116.8 
1737 -14.8 99.0 39.8 116.9 
1738 -14.4 97.8 41.0 117.1 
1729 -13.9 96.6 42.3 117.2 
1740 -13.4 9 5. 4 43.5 117.4 
1741 -12.9 94.2 44.8 117.5 
1742 -12.4 93.0 46.1 117.6 
1743 -12.0 91.8 47.3 117.7 
1744 -11.5 90.6 48.6 117.9 
1745 -10.9 89.4 49.8 118. 0 
1868 50 -20.0 105.3 27.3 116.6 
1869 -19.6 104.0 28.5 116.7 
1870 -19.1 102.8 29.8 116.8 
1871 -18.6 101.5 31.0 116.9 
1872 -]8.1 100.3 32.3 117.0 
1873 -17.6 99.1 33.. 5 117.0 
1874 -17.1 97.8 34.8 117.1 
1875 -16.6 96.6 36.0 117.2 
1876 -16.1 95.4 37.2 117.2 
1877 -15.5 94.2 38.5 117.3 
1878 -15.0 93.0 39.7 117.4 
1879 -14.5 91.9 40.9 117.4 
1880 -13.9 90.7 42.2 117.4 
1881 13.4 89.5 43.4 117.5 
1960 60 -23.7 96.5 16.8 117.9 
1961 -23.2 96.3 18.1 118.0
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Frame Rev. 
1962 60 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973
Coordinates of Prin. Pt.
Lat. Long. 
-22.7 96. 1 
-22.2 95.8 
-21.7 95.6 
-21.2 95.4 
-20.7 95. 1 
-20.2 94.9 
-19.7 94.7 
-19.2 93.4 
-18.7 92.2 
-18.2 91.0 
-17.7 89.8 
-17.2 88.5 
Sun Elev. 0 
Prin. PL_ 
19.4 
20. 6 
21.9 
23. 1 
25.4 
26. 6 
27.9 
29. 2 
30.4 
31.8 
32.9 
34. 1
Spacecraft 
Alt. (km) 
118.2 
118.4 
118. 5 
118.7 
118.9 
119.0 
119.2 
119.4 
119.6 
.119.7 
119. 8 
120.0 
2354 70 -26.4 109.3 4.7 110.7 
2355 -26.2 107.9 5.9 111.0 
2356 -25.9 106.6 7.2 111.3 
2357 -25.6 105.2 8.4 111.6 
2358 -25.3 103.8 9.7 111.8 
2359 . -25.0 102.4 10.9 112.1 
2360 -24.6 101.1 12.2 112.3 
2361 -24.3 99.7 13. 5 112.6 
2625 72 -26.3 106.9 5.1 1093 
2626 . -26.0 105.3 6.4 109.6 
2627 -25.7 103.8 7.6 109.8 
2628 . -25.4 102.5 8.9 110.1 
2629 -25.2 101.2 10.2 110.3 
2630 -24.9 99•9 11.4 110.6 
2631 -24.5 98.6 12.6 110.9 
2632 -24.2 97.3 13.9 111.2 
2633 -23.8 96.0 15.1 111.4 
2634 -23.4 94.6 16.4 111.7 
2635 -23.0 93.3 17.6 111.9 
2636 -22.6 92.0 18.9 112.2 
2637 -22.2 90.7 20. 1 112.4 
2638 ..218 89.4 21.4 112.6 
2639 -21.4 88. 1 22.6 112.9 
2640 -21.0 86.3 . 23.8 113.1
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PANORAMIC CAMERA PHOTOGRAPHS 
Frame Rev. Coordinates of Prin. Pt. Sun Elev.(°) Spacecraft 
Lat. Long. Prin. Pt. Alt. (km) 
9942 63 -25.4 110.8 10.5 115.4 
9943 -25.3 110.4 9.2 115.5 
9944 -25.2 110.1 11.1 115.6 
9945 -25.2 109.7 9.8 115.6 
9946 -25.1 109.4 11.8 115.7 
9947 -25.0 109.0 10.5 115.8 
9948 -24.9 108.6. 12.5 115.8 
9949 -24.8 108.3 11.2 115.9 
9950 -24.7 107.9 13.2 115.9 
9951 -24.6 107.6 11,8 116.0 
9952 -24.5 107.2 13.9 116.1 
9953 -24.4 106.9 12.5 116.1 
9954 -24.4 106.5 14.5 116.2 
9955 -24.3 106.2 13.2 116.3 
9956 -24.2 105.8 15.2 116.3 
9957 -24.1 . 105.4 13.8 116.4 
9958 -24.0 105.1 15.8 116.4 
9959 -23.9 104.7 14.5 116.5 
9960 -23.8 104.4 16.5 116.6 
9961 -23.7 104.0 15.1 116.6 
9962 -23.6 103.7 17.2 116.7 
9963 . -.23.5 103.3 15.8 116.7 
9964 -23.4 103.0 17.8 116.8 
9965 -23.3 102.6 16.5 116.9 
9966 -23.2 102.3 18.5 116.9 
9967 .23.1 101.9 17.1 116.9 
9968 -23.0 101.6 19.1 117.0 
9969 -22.9 101.2 17.8 117.1 
9970 . -22.8 .100.9 19.8 117.1 
9971 -22.7 100.6 18.4 117.2 
9972 -22.6 100.3 20.3 117.2 
9973 -22.5 100.0 18.4 117.3 
9974 . -22.4 99.7 21.0 117.3 
9975 -22.3 99.3 19.6 117.4 
9976 -22.2 99.0 21.6 117.4 
9977 -22.1 . . 98.7 20.2 117.5 
9978 -22.0 98.4 22.2 117.5 
9979 -21.9 198.1 20.8 117.6 
9980 -21.8 97.8 22.8 117.6
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Frame Rev. Coordinates of Prin. Pt. Sun Elev. (0) Spacecraft 
Lat. Long. Prin. Pt. Alt. (km) 
9981 63 -21.7 97.5 21.4 117.7 
9982 -21.6 97.1 •23.4 117.8 
9983 -21.4 96.8 22.0 117.8 
9984 -21.4 96.5 24.0 117.8 
9985 -21.3 96.2 22.6 117.9 
9986 -21.1 95.9 24.6 117.9 
9987 -21.0 95.6 23.2 118.0 
9988 -20.9 95.2 25.3 118.0 
9989 -20.8 94.9 23.9 118.1 
9990 -20.7 94. 6 25. 9 118. 1 
9991 . -20.6 94.3 24.4 118.2 
9992 -20.5 94.0 26.4 118.2 
9993 -20.4 93.7 25.0 118.3 
9994 -20.3 93.4 27.0 118.3 
9995 -20.2 93.2 25.6 118.3 
9996 -20.1 92.8 27.6 . 118.4 
9997 -19.9 92.5 26.2 118.4 
9998 -19.8 92.2 28.3 118.5 
9999 -19.7 91.8 26.9 118.5 
0000 -19.6 91.6 28.9 118.6 
0001 -19.5 91.2 27.5 118.6 
0002 -19.4 90.9 29.5 118.7 
0003 -19.2 90.6 28.1 118.7 
0004 -19.1 90.3 30.1 118.7 
0005 -19.0 90.0 28.7 118.8 
0006 -18.9 89.7 30.7 118.8 
0007 -18.8 89.4 29.3 118.9 
0008 -18.6 89.1 31.4 118.9 
0009 -18.5 88.8 29.9 119.0 
0010 -18.4 88.5 31.9 119.0 
9675 38 -14.4 .103.4 42.2 118.1 
9676 . -14.3 103.1 40.7 118.1 
9677 . -14.2 102.9 42.8 118.2 
9678. -14.0 102.6 41.3 118.2 
9679 -13.9 102.3 43.4 118.2 
9680 -13.8 102. .0 41.9 118.2 
9681 -13.6 101.8 43.9 118.3 
9682 -13.5 101.5 42.5 118.3 
9683 -13.4 101.3 44.5 118.3 
9684 -13.3 101.0 43.1 118.3 
9685 -13.2 100.7 45.1 118.4
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Frame Rev.. Coordinates of Prin. Pt. Sun Elev. (0) Spacecraft 
It Lat. Long. Prin. Pt. Alt. (k 
9686 38 -13.1 100.5 43.6 118.4 
9687 -13.0 100.2 45.6 118.4 
9688 -12.9 99.9 44.2 118.4 
9689 -12.8 99.6 46.3 118.4 
9690 -12.6 99.3 44.9 118.5 
9691 -12.5 99.0 46.9 118.5 
9692 -12.4 98.7 45. 5 118. 5 
9693 -12.3 98.5 47.5 118.5 
9694 -12.2 98.1 46.1 118.5 
9695 -12.0 97.9 48.1 118.6 
9696 -11.9 97.6 46.7 118.6 
9697 -11.8 97.2 48.7 118.6 
9698 -11.6 96.9 47;4 118.6 
9699 -11.5 96.6 49.4 118.6 
9700 -11.4 96.3 48.0 118.7 
9701 -11.3 96.1 50.0 118.7 
9702 -11.2 95.8 48.6 118.7 
9703 -11.1 95.5 50.5 118.7 
9704 -10.9 95.2 49.2 118.7 
9705 -10.8 95.0 51.1 118.7 
9706 -10.7 94.7 49.7 118.7 
9707 -lo .6 94.5 51.6 118.8 
9708 -10.5 94.2 50.3 118.8 
9709 -10.4 94.0 52.2 118.8 
9710 -10.2 93.7 50.8 118.8 
9711 -10.1 93.4 52.8 118.8 
9712 -10.0 93.0 51.5 118.8 
9713 - 9.8 92.7 53.5 118.8 
9714 - 9.7 92.4 52.1 118.8 
9715 - 9.6 92.2 54.1 118.9 
9716 - 9.5 91.9 52.7 118.9 
9717 - 9.3 91.6 54.7 118.9 
9718 - 9.2 91.3 53.4 118.9 
9719 - 9.1 91.0 55.4 118.9 
9720 - 8.9 90.7 54.0 118.9
*A11 frame numbers are preceeded by AS-15-1. 
LUNAR ORBITER PHOTOGRAPHS 
Framet L. 0. Mission Coordinates of Prin. Pt. Spacecraft 
Lat. Long. Alt. (krn) 
II- 196-M II -89 100.5 1519.0 
11-196-Hi II - - - 
II-196-H2 II  
II- 196-1-13 II - - - 
70 MM HASSELBLAD PHOTOGRAPHS 
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Frame # Data Available from NSSDC 
AS-15-13180 x 
AS-15-13181 
AS-15-13182 x 
AS-15-13183 x 
AS-15-13184 x - 
AS-15-13185 x 
AS-15-13186 x 
AS- 15-13187 x 
 AS-15-13188 x 
AS-15-13189 x 
AS-15-13190 x 
AS-15-13191 x 
AS-15-13192 x 
AS-15-13193 x
APPENDIX B
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APPENDIX B 
Description of Lunar Materials 
In this appendix, a general description of the characteristics 
of the materials in each age category is given. Following the gen-
eral description, characteristics of each unit are listed along with 
interpretations of the materials comprising each unit.. Some similar 
units in the same age category are described together to avoid un-
necessary repetition. This section serves as an expanded legend 
to accompany the Geologic Map (Plate 1). Description is from 
youngest to oldest; that is, dowh the map legend. 
Materials of the Copernican System 
Craters and their associated deposits are the only materials 
mapped as Copernican. Copernican craters are subdivided into 
two relative age groups, Cc  and Cc 21 oldest to youngest respective-
ly. This division is based on the presence or absence or ray material 
around otherwise fresh, distinct craters possessing other typically 
Copernican features. 
Copernican craters are characterized by sharp rim crests, 
steep inner slopes with high albedo, raised rims, usually bright ray 
systems (around Cc  craters), and an ejecta deposit that grades from 
hummocky texture near the rim crest to a radially grooved texture. 
Ejecta dunes, blocky boulders, V structures, and secondary crater
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fields are also associated with most Copernican craters. These youth-
ful features are retained because there has not been sufficient time 
for the erosive processes to cause substantial modification. 
Both early and late Copernican materials are similar except that 
early Copernican materials are very slightly subdued and lack bright 
ray material. 
Type crater for Early Copernican: crater designated as crater 'C 
Type crater for Late Copernican: crater designated as' crater . IDH 
Mapped subdivision 
• Biight ray material 
Characteristics: high albedo plumous streaks around fresh 
craters; at high resolution, rays often consist of many 
small secondary craters, seldom has relief except near 
the crater rim crest; often aymmetrica1 distribution. 
Interpretation: impact ejecta material and bright walls of small 
secondary and tertiary craters; where asymmetrically de-
posited, probably due to oblique impact. 
Crater material, undivided 
Characteristics: craters less than 3-5 km in diameter; further 
Cc 2 separation not practical at map scale; bright craters, some 
Ccj with rays; includes rim, wall, and floor material. EInterpretation: small impact craters, either primary or 
secondary;, high albedo suggests exposure of fresh rock. 
For larger craters, the following subdivisions are mapped. 
Crater floor material 
Characteristics: generally level surface, smooth to ropey tex-
ture on metric camera photographs; small hills and mounds 
Vcf evident on panoramic and has selbiad photographs; blocks 
cf and boulders common, especially in association with mounds; floors lower than terrain surrounding crater; often low to 
moderate albedo. 
Interpretation: probably original unmodified floor material;
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possibly some impact-generated melts; irregularities and 
boulders may represent fall-back or localized impact-induced 
volcanism. 
Crater wall material 
Characteristics: very high albedo; steep slopes; boulders 
 
F C,&2 common; smooth and unchanneled. cwj] Interpretation: freshly exposed rock and rock fragments form-
ing talus slopes as the result of a youthful impact. 
Crater rim material, undivided 
Characteristics: mapped around small craters whose deposits 
cr 2 are not extensive or are not divisible at the map scale; 
Cr 1 includes all continuous ejecta material. 
Where possible, subdivided into: 
Crater rim material, hummocky texture 
Characteristics: finely textured hummocks; hummock size de-
rh2 pendent on crater size; boulders common near rim crest; 
rh 1 finely lineated. 
And:
Crater rim material, radial texture 
Characteristics: distal to hummocky material; strongly lineated, 
C rr lineations often ropey; small satellitic craters, crater 
C rrjj chains, and V structures present, mostly radial to the crater. 
'Interpretation: both hummocky and radial material impact ejecta 
deposits; some satellitic craters occur on radial material; 
some of radial lineations may be caused by boulder and rock 
flows; with the lineations parallel to the direction of flow; 
most of these features visible only on panoramic and has sel-
blad photographs. 
MATERIALS OF THE ERATOSTHENIAN SYSTEM 
Eratosthenian craters are physically similar to Copernican 
craters except that they are slightly subdued and do not have well 
developed rim textures (none of the craters in the research area are
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large enough to display rim textures normally present around large 
Eratosthenian craters). They are characterized by relatively steep, 
bright walls, flat floors, and slightly subdues rim crests. Rim de-
posits are commonly speckled by very small, bright-haloed Coperni-
can craters. 
The mare material is similar to nearside maria in both appear-
ance and albedo. The entire suite of-materials is believed to be Era-
tosthenian in age. 
Type crater for Eratosthenian: crater designated as crater "E" 
Crater material, undivided 
Fc
Characteristics: craters less than 6-8 km in diameter; includes 
 floor, wall, and rim materials. 
Interpretation: small impact craters, either primary or secon-
dary. 
For larger craters, the following subdivisions are mapped. 
Crater floor material 
Characteristics: flat to hummocky texture; generally not as 
F
c 1hummocky as Copernican floor material; albedo similar 
 to that of rim deposits; blocks and boulders less abundant 
than on Copernican floor material. 
Interpretation: mostly original floor material; some modifica-
tion by younger impacts and ejecta deposition; irregular- 
ities may represent fall-back or localized volcanism. 
Crater wall material 
Characteristics: fairly high albedo; steep slopes; faintly 
streaked with darker material; smooth and unchanneled. 
Interpretation: bedrock (?) and rock fragments continually 
being exposed causing high albedo; streaks the result of 
stabilizing talus slopes. 
Crater rim material, undivided 
Characteristics: rim crests slightly subdued and slightly
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rounded; rays lacking; faint remains of hummocky and 
Ecr radial textures around larger craters, absent around small 
craters. 
Interpretation: impact ejecta deposits, slightly modified by 
small Copernican impacts. 
Mare material 
Characteristics: low albedo; level surface; pitted by small 
(less than 2 km diameter), shallow, bowl-shaped craters; 
 
__ clustering of shallow craters common; craters often rimless; F7 largest superposed crater about 4 km in diameter; pre-
_____ existing craters breached or buried; fresh superposed 
craters extremely blocky, often with central mound of 
blocks on floor; pressure ridges, rimless pits, lobate 
scarps, and a subsidence bench present on mare material. 
Interpretation: extrusive flows, probably basaltic in composi-
tion; scarps are flow-fronts; pits appear to be collapse fea-
tures; bowl-shaped craters, especially those in clusters, 
may be volcanic in origin; a mare bench several kilometers 
wide, probably formed as molten material drained back 
into the source vent and the solidified crust subsided; a 
linear structure with a raised rim appears to be the source 
of the extruded material and is interpreted as a fissure. 
Terra material, undivided 
Characteristics: higher albedo than mare material; gently 
rolling or undulating surface; crossed by narrow linear 
troughs; few craters preserved except for small Coperni-
can craters; several large collapse pits present, partially 
associated with the narrow troughs; surface slopes gently 
away from the fissure toward the southwest. 
Interpretation: pyroclastic debris and ash deposits extruded 
from the fissure; possibly some flows intermixed; small 
craters rapidly destroyed by down-slope movement of mate-
rial; linear troughs interpreted as collapsed lava tubes that 
connect the fissure with small pools of mare material; 
collapse along some of the tubes formed the pits. 
Material of hills and mounds 
Characteristics: slightly higher albedo than terra material; 
F-h
_characterized by many low, rounded mounds and hills; corn- 
ni pletely fills the floor of a 12-15 km crater located near the mare; very few superposed craters; no summit craters or 
flow features present.
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Interpretation: related to the volcanic activity that extruded 
the mare material and the terra material; possibly formed 
by upwelling of material through fractures beneath the crater; 
composition probably more feldspathic than mare; lack of 
craters caused by rapid destruction by mass wasting pro-
cesses. 
MATERIALS OF THE ERATOSTHENIAN SYSTEM OR THE IMBRIAN 
SYSTEM - 
Several craters are superposed on Imbrian materials that do not 
have the normal Eratosthenian characteristics; basically they are more 
subdued than typical Eratosthenian craters. This age designation is 
used for craters that could be either Late Imbrian or Early Eratos-
thenian in age. 
No type crater is given. 
Crater material, undivided 
F-1__ Characteristics: craters less than 8 km in diameter; subdued c and rounded rim crests; rim deposits indistinguishable  from surrounding material. Interpretation: some may be secondary craters of Late Imbrian 
craters; other may be primary impacts. 
For larger craters, the following subdivisions are mapped. 
Crater wall material 
Characteristics: lower albèdo than younger craters; shallower 
than corresponding craters of younger ages; some have 
dark streaks developing. 
Interpretation: slopes becoming less steep and beginning to 
stabilize; dark streaks probably talus slopes. 
• Crater rim material, undivided 
Characteristics: youthful textures absent; rim crests rounded Firand subdued; ejecta deposits not detectible beyond the  • raised portion of the rim. Interpretation: subdued impact ejecta material.
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Floor material, pitted 
Characteristics: level surface, highly pitted with small ( < 1km 
1Mfp diameter) craters; craters moderately subdued. 
Interpretation: possibly a remnant plains unit preserved by 
presence of two crater peaks; or could be a group of young 
secondary craters. 
MATERIALS OF THE IMBRIAN SYSTEM 
Two ages of Imbrian craters are mapped in the Sklodowska Region 
based on morphologic differences. Early Imbrian craters are consi-
derably more subdued than Late Imbrian craters, and do not retain 
the rim textures present on younger ejecta deposits. 
Large Late Imbrian craters are moderately subdued but usually 
retain the raised rim and most of the rim textures. Terraces are com-
mon in large craters although they are moderately coalesced. Small 
Imbrian craters exhibit greater modification than the large craters. 
In addition to crater materials, plains and terra-like material 
are also present. Plains material is typically level or , nearly so; 
terra-like material (hilly and pitted material) is more rugged. Plains 
material normally occurs as depression- filling material, while hilly 
material comprises the higher, elevated material. 
Type crater for Early Imbrian: the crater Brunner 
Tve crater for Late Imbrian: the crater Sklodowska 
Crater material, undivided 
Characteristics: craters less than 6-8 km in diameter; most 
 
• are circular in plan view; occur mainly on pre-Imbrian 
terrae units surrounding Late Imbrian ejecta deposits of 
- Sklodowska, Scaliger,. and Humboldt; raised rims are
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subdued or absent; not differentiated into Early and Late 
Imbrian ages. 
Interpretation: may be primary, but are believed to be distant 
secondaries, possibly ejected during the Orientale basin-
forming event; most are believed to be older than the Late 
Imbrian craters mentioned above. 
For larger craters, and where applicable, the following subdivisions 
are mapped. 
Crater peak material 
Characteristics: range from small conical hills to high, steep-
cp sloped irregular peaks; sometimes elongated; generally occur near the center of the crater; steep slopes have high albedo; 
moderately to highly subdued and rounded. 
Interpretation: central uplift of rock material as the result of 
impact; probably brecciated; shatter cone structures may be 
present; a few peaks may be volcanic cones. 
Crater wall material 
Characteristics: dark vertical streaks developing on unterraced 
crater walls; terraces in larger craters moderately to 
CW 2 highly coalesced; aibedo intermediate except on steep slopes; 
IIcw i some radial channeling present on smaller craters; terrace 
benches sometimes capped by plains material. 
Interpretation: stabilizing slopes (talus) cause dark vertical 
streaks; terraces form by slump-faulting of rim segments; 
coalescence caused by ma'ss wasting processes; moderate 
modification by fine ejecta blanketing from younger impacts. 
Crater rim material, undivided 
Characteristics: undifferentiated rim material of craters lacking 
Icr or too small to map separate textural units on the ejecta de-posits; Early Imbrian rim crests rounded and subdued; 
raised rim low to absent for small craters. 
Where possible, subdivided into: 
Crater rim material, hummocky texture 
Characteristics: subdued hummocks; low crater density; local 
radial lineations; mantles and significantly modifies the 
Frh former topography; forms gradational contact withradially
 
textured unit.
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And:
Crater rim material, radial texture 
Characteristics: low radial ridges and grooves producing a 
striated appearance; 'V T structures locally present; some 
Irr 2 secondary craters present; all structures moderately sub-
dued; lineations mostly radial and subradial to craters. 
And:
Material of the continuous secondary crater field 
Characteristics: closely spaced, elongated, 5 to 10 km diameter 
secondary craters; axis of elongation radial or subradial to 
Fs2Sk
lodowska and Humboldt and Scaliger; completely modifies 
 ^ z
 
the former topography; trough-like crater chains sometimes 
formed. 
Interpretation: rim material and material of the continuous 
secondary crater field formed as the result of impact ex-
plosion; material thins from hummocky to radial material 
because of loss of transport energy of base surge; continuous 
secondary craters separate fraction from base surge material, 
but deposited contemporaneously; materials mainly subdued 
by mass wasting and ejecta blanketing; radial textures result 
mainly from eject gouging, although some may be surface ex-
pression of fractures related either to the impact event or 
the lunar grid. 
Secondary crater material 
Characteristics: discontinuous craters and crater chains; in-
_____ dividual craters mostly 2-8 km in diameter; slightly less 
Isc elongated than craters in the continuous secondary crater 
field; rounded rim crests; seldom exhibit raised rims; all 
are subdued. 
Interpretation: secondary craters to large Late Imbrian craters, 
especially Sklodowska, Scaliger, and Humboldt; considerably 
modified by ejecta blanketing and mass wasting. 
Plains material, undivided 
Characteristics: level, moderately pitted material; moderate 
albedo; generally forms in basins and depressions; craters 
F—p]
 on the surface often shallow and bowl-shaped; few ghost 
Craters. 
Interpretation: sequential deposits of fine ejecta meterial dis-
persed during large crater-forming impacts; probably semi-
fluid when deposited; blanketing of pre-existing craters to
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form shallow craters; some modification by younger secon-
dary craters and fine ejecta; most of the deposits probably 
formed during Early and Middle Imbrian. 
Plains material, light 
Characteristics: similar to undivided plains material only 
[pl slightly less crate red; moderate albedo; fairly level sur-face; main occurrence is on floor of Skiodowska. 
Interpretation: formed by same process as undivided plains 
material only is younger; may have formed during Sklodowska 
crater-forming event. 
• Plains material, dark 
Characteristics: lower albedo than other plains material; lower 
crater density; relatively smooth, level surface; forms 
pools around margin of floor of Sklodowska, with minor 
occurrences elsewhere. 
Interpretation: either younger plains material formed by process 
mentioned above, or localized extrusion of mare-like materi-
al that has since been partially modified; probably formed at 
a later time than Sklodowska. 
Hilly and pitted material 
Fp Characteristics: small, often conical hills and mounds; pitted  • by many small craters, many of which may be secondary craters; forms rugged portion of Sklodowska' s floor. Interpretation: may be original floor material that has been 
modified by secondary cratering, ejecta blanketing, and 
mass wasting; possibly some volcanic material. 
MATERIALS OF THE IMBRIAN SYSTEM OR THE NECTARIAN SYSTEM 
These materials consist of terrae and plains units which cannot 
accurately be classified into either system, but which have certain 
characteristics of both. Generally these materials occur in or around 
large Nectarian craters that have been somewhat modified by Imbrian 
ejecta material. 
No type crater is given.
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Plains material, undivided 
Characteristics: level to slightly hummocky surface; moderately 
IN pitted by small, subdued craters; albedo similar to Imbrian [__PJ plains material or slightly lower. 
Interpretation: mainly formed by Early Imbrian crater and basin 
ejecta deposition; hummocky surfaces caused-by severe 
erosion of small craters. 
Terra material, undivided 
Characteristics: nearly level, highly pitted to hilly, rugged 
INt jmaterial; subdued and rounded features. 
Interpretation: gradational between plains and older more 
rugged terrae materials; mostly modified rim deposits of 
Nectarian craters; some may be modified plains material. 
MATERIALS OF THE NECTARIAN SYSTEM 
The Nectarian System consists of those materials younger than 
the Nectaris Basin, located on the eastern limb of the nearside. Few 
if any effects of the Nectaris basin-forming event are evident in the 
research area making it necessary to use morphologic criteria to 
assign relative ages to pre-Imbrian materials. 
Nectarian craters are highly subdued with rounded rim crests 
and no separable rim units. Terraces, where present, are coalesced 
into subdued, hummocky masses. Rim crests and rim deposits are 
frequently interrupted by large craters and numerous small craters. 
Walls on smaller craters are generally channeled and sometimes 
hummocky. 
Terrae materials show greater evidence of mass wasting than 
younger units. Textured patterns are visible on all slopes on high 
resolution photographs. Plains material of Nectarian age is consi-
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derably more subdued than Imbrian plains material and mainly occurs 
as floor covering material inpre-Nectarian craters. The reliability 
of a Nectarian age for this plains material is questionable because 
of an anomalously low crater density. Several explanations may be 
advanced to account for this: 1) the material is actually much younger 
than mapped; 2) the material has considerably fewer secondary 
craters; 3) other plains units have a higher than normal crater den-
sity because of secondary cratering from nearby crater-forming im-
pacts; 4) the material has been highly eroded and subdued by mass 
wasting processes and ejecta blanketing. The morphology of the 
material as seen on Apollo 15 photographs and the presence of super-
posed craters of Imbrian age do not support a younger age for the 
plains material. Therefore, a combination of the three remaining 
explanations is favored. 
Type crater for Nectarian: the crater Backlund 
Crater peak material 
Characteristics: highly eroded and rounded; may be single or 
 CP1 multiple Interpretation: same as Imbrian crater peak material; highly 
modified by mass wasting. 
Crater wall material 
Characteristics: terraces almost totally coalesced, with a 
few scarps still visible; walls channeled and hummocky; 
cwj floor and wall material have gradational contact; relatively 
low interior slope angle. 
Interpretation: highly modified terraces and slope material; 
slopes probably stabilized except for steepest portions.
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Crater rim material, undivided 
Characteristics: rim crests rounded, highly subdued; rim 
slightly raised, coarsely hummocky; interrupted by other 
INc large craters, outer rim deposits modified beyond recogni-
tion. 
Interpretation: old impact ejecta deposits substantially modi-
fied by younger material; hummocky texture caused by 
degradation of small craters rather than by ejecta deposi-
tion. 
Plains material, undivided 
Characteristics: level on broad scale but hummocky on small 
np
scale; hummocks caused by degradation of small Imbrian 
 craters; crater density generally low; occurs mainly as 
 
__ floor-covering material in pre-Nectarian craters; albedo 
lower than Imbrian plains material. 
Interpretation: essentially material deposited following large 
• Nectarian crater-forming events; probably thinly blanketed 
with younger material. 
Terra material, undivided 
FtCharacteristics: undulating to hilly material; a few Nectarian 
and younger craters superposed; small craters highly de- 
 graded; often adjacent to Inp or mt units. 
Interpretation: modified riii deposits of Nectarian craters and 
some pre-Nectarian craters; probably little difference 
between this unit and INt, except this material has a 
greater contribution of Nectarian age material. 
Terra material, grooved 
Characteristics: forms an extensive unit adjacent to the SW 
rim of the crater Hilbert; long grooves or gouges and 
FNg shorter lineations radial to Hubert; rugged, hilly tex- 
ture; many 3-8 km diameter craters of Imbrian age. 
Interpretation: thick ejecta deposit, possibly an ejecta flow, 
formed during the Hilbert crater-forming event; large 
gouges interpreted as secondary impacts of Hilbert; may 
be some volcanic cones on this unit, although if present, 
they are highly subdued. 
Terra dome material 
Characteristics: 5-7 km diameter positive relief features; Ntd
 form several isolated "islands" in plains material; possi-
bly should be called "massifs".
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Interpretation: either remnant crater segments or peaks, or  
igneous dome structures (intrusive or extrusive). 
MATERIALS OF THE NEC TARIAN SYSTEM OR OF PRE-NEC'TARIAN 
AGE 
Some terrae materials cannot be accurately dated because of 
their similarity in morphology to both Nectarian and pre-Nectarian 
terrae materials and their location near craters of both these ages. 
No type, crater is given. 
Terra material, undivided 
F
Characteristics: generally rugged surface; many secondary 
N craters from large Imbrian craters; usuallylocated near  Nectarian and pre-Nectarian craters. 
Interpretation: modified rim deposits with large contributions 
• of material from both Nectarian and pre-Nectarian craters; 
probably blanketed by younger material; small craters 
highly subdued by mass wasting processes. 
MATERIALS OF PRE-NECTARIAN AGE 
Pre-Nectarian craters are highly to completely subdued and do 
not have distinct units. Rim crests are completely rounded so that 
no crestline can be accurately located. Wall and rim materials are 
Hummocky and generally interrupted by several large craters. The 
oldest craters are barely discernible, visible only as large, shallow 
depressions. 
Terra material is rugged and occurs mainly around large pre-
Nectarian craters. All materials are highly subdued and modified by
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erosion processes. 
pe crater -Nectarian: the crater Curie 
Crater, material, undivided 
Characteristics: includes wall and rim material; completely 
subdued; original rim textures absent; rim crests rounded; 
FpN] rim and walls coarsely hummocky; generally interrupted 
by several large craters of younger age; smaller craters 
barely recognizable; little rim material mappable. 
Interpretation: highly degraded impact craters; rim deposits 
modified to terra material; hummocky rim and walls 
caused by mass wasting processes. 
Crater peak material 
FN 
Characteristics: usually low, rounded hills; highly subdued. 
cfl Interpretation: highly eroded peaks originally formed by impact  
or volcanism. 
Terra _material, undivided 
Characteristics: similar to Nt and NpNt except somewhat more 
N =
rugged; occurs in elevated terrain around large pre-Nectar- 
P ian craters; generally has one or more Nectarian crater 
superposed; highly subdued positive and negative relief 
forms. 
Interpretation: modified rim deposits; maincontribution of 
material from pre-Nectarian craters; mass wasting proces-
ses active and small craters quickly eroded causing hum-
mocky, hilly surface. 
UNDATED MATERIALS 
Undated material is characterized by undulating to hummocky 
topography. It is restricted to the floors of Imbrian and older craters 
where erosion processes have significantly modified the original floor 
material. Undualting material has a smooth surface texture; hum-
mocky material has a coarse texture of low hills and hummocks.
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Landslide material is also undated. 
The rational for classifying these units as "undated" is given 
in the body of the text. 
F
Characteristics: gently rolling, undulating surface; low crater 
fu density. 
Interpretation: modified floor material, consisting mainly of 
material eroded from the interior slopes of craters; some 
contribution of material by ejecta blanketing. 
Humrn o c kjr floor material 
Characteristics: hilly, hummocky surface; low crater density; 
fh hills low and rounded. 
Interpretation: slump material and other mate r i al eroded from 
the crater slopes; floor may have been hilly originally; 
some ejecta blanketing. 
Landslide material 
Characteristics: irregular masses, sometimes with lobate 
base; generally an irregular section missing from the FVi  slope above the mass. Interpretation: landslide and slump material formed on un-
stable slopes.
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